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HEAVY  RAILWAY  CONSTRUCTION  IN  WYOMING. 


By  J.  I.  BoGGS,  Assoc.  M.  Ain.  Soc.  C.  E. 
Presented  March  20th,  1901. 


WITH  DISCUSSION. 


There  are  many  in  the  East  and  South  who  have  only  faint  ideas 
regarding  the  heavy  construction  being  generally  carried  on  by  the 
great  transcontinental  railway  lines  in  their  efforts  to  reduce  grades 
and  straighten  alignments;  and  these  slight  ideas  are  usually  gathered 
from  brief  and  incomplete  notices  appearing  at  irregular  intervals  in 
the  daily  and  technical  press. 

Among  others,  the  Union  Pacific  Kailroad  has  shown  remarkable 
activity  in  this  direction.  Its  line  has  been  shortened  by  many  miles, 
and  its  grades  reduced  to  a  maximum  of  0.82  of  1%,  compensated 0.03 
for  each  degree  of  curvature,  the  maximum  curvature  allowed  being  4 
degrees.  On  all  new  construction  everything  is  being  carried  out  to  a 
perfect  working  model. 

The  highest  summit  on  this  line  is  at  Sherman  Hill,  an  elevation  of 
8  247  ft.  above  sea  level,  situated  33  miles  west  of  Cheyenne,  and  23 
miles  east  of  Laramie,  Wyo.  This  has  always  been  the  bete  noir  of 
the  transportation  department.     To  overcome  some  of  its  diflBculties  a 
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coi'ijs  of  engineers  was  placed  in  the  field  early  in  1899  to  locate  a  line 
from  Laramie  to  Buford,  the  latter  being  a  small  station  7  miles  east 
of  Sherman.  Several  months  were  spent  in  locating  the  line,  the  final 
result  exhibiting  a  large  amount  of  curvature  and  an  irregular  profile. 
The  summit,  however,  was  lowered  240  ft.,  and  the  maximum  grade 
was  obtained  by  tunneling  3  400  ft.  Not  until  the  first  part  of  April, 
1900,  did  the  company  finally  decide  to  construct,  and  appointed  D. 
C.  Dunlap,  M.  Am.  Soc.  C.  E. ,  as  Resident  Engineer  in  charge  of  the 
entire  cut-off,  with  headquarters  at  Laramie.  Under  the  supervision 
and  direction  of  Mr.  J.  B.  Berry,  Chief  Engineer,  the  location  at  the 
west  end  was  changed  and  the  cutting  at  the  east  end  deepened  so  as 
to  make  the  length  of  tunnel  1  800  ft.  instead  of  3  400  ft. 

On  April  18th  the  contract  to  build  the  line  was  awarded  to  Kil- 
patrick  Bros.  &  Collins,  with  a  time  limit  of  two  years,  and  a  bonus  if 
finished  in  one  year  (which  meant  eight  months).  This  firm  afterward 
sublet  the  greater  part  of  the  work,  reserving  for  itself  that  jDortion 
from  Station  978,  the  west  portal  of  the  tunnel,  to  Station  1  098,  these 
120  stations  being  the  most  difficult  part  of  the  entire  cut-ofi". 

The  writer  had  immediate  charge  of  what  is  known  as  the  Second 
Division,  extending  from  Station  898  to  Station  1  109,  and  his  remarks 
will  be  confined  to  operations  along  these  four  miles,  it  being  the  pur- 
pose to  present  as  concise  a  desci'iption  as  possible  of  the  heaviest  part 
of  this  very  heavy  work. 

The  curvature  on  this  division  was  comparatively  light,  the  maxi- 
mum being  3°,  with  a  total  of  142-  03'  in  angles,  divided  between  four 
curves;  but  the  grading  was  extraordinary,  the  quantities  being  as 
shown  in  Table  No.  1. 

TABLE  No.  1. 


Class  of  Work. 

Section  No. 

Summary. 

IS 

19 

30 

«1 

Embankment    .                           (cu.  yds.) 

81545 
3  860 
13  214 

7  225 
36  391 
53  569 

723  755 
11  105 

812  .525 

1    27  215*1 
(    27  3001-  ( 
\  130  330*  1 
'(  105  039t  )■ 
35  000 

94  766 

Solid  granite  excavation "        " 

312  257 
35  00O 

Totals (cu.  yds.) 

98  619 

324  884      j   96185 

734  860 

1  254  548 

*  West  tunnel  approach.    +  East  tunnel  approach. 
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Of  the  723  755  cu.  yds.  of  embankment  on  Section  21,  475  268  eu. 
yds.  -were  in  the  fill  at  Dale  Creek,  between  Stations  1  088  and  1  098. 
See  Fig.  1. 

The  work  was  divided  as  follows: 
Station  898  to     907,  Mahoney  Brothers;  Subcontractors. 
907  to     925,  G.  C.  Smith; 
925  to     971,  Mahoney  Brothers; 

"         971  to     978,  Beanmier  Contracting  Company;  Subcontractors. 

"         978  to  1  098,  Kilpatrick  Brothers  &  Collins;  principals. 

"      1  098  to  1  100,  Eowan  &  Scott;  Subcontractors. 

"      1 100  to  1  109,  Cushing  &  O'Keif;  Subcontractors. 

This  being  on  the  summit,  there  was  no  bridging  to  contend  with, 
all  water  courses  being  taken  care  of  by  means  of  24  and  30-in.  cast- 
iron  pipe,  with  the  exception  of  Dale  Creek,  where  three  lines  of  60-in. 
cast-iron  pipe  were  laid  in  concrete.  This  pipe  was  in  12-ft.  lengths, 
2^  ins.  thick,  and  its  weight  averaged  1  270  lbs.  per  foot.  Of  this  60- 
in.  pipe  936  ft.  were  placed  at  elevation  7  749,  thus  impounding  15  ft. 
of  water  for  a  pumping  station.  Dale  Creek  being  the  only  constantly 
flowing  stream,  of  any  amount,  on  the  division.  The  contractors  were 
fortiinate,  however,  in  finding  innumerable  minor  springs  of  very 
good  water  all  over  the  country. 

Snow  storms  were  of  daily  occurrence  and  the  ground  was  covered 
with  snow  from  1  to  6  ft.  deep  on  April  21st,  when  Messrs.  Kilpat- 
rick Brothers  &  Collins  began  the  erection  of  their  camps.  One  camp 
was  established  opposite  Station  1  005  and  a  second  on  Dale  Creek. 
OnAjDril  30th  the  writer  arrived,  and  found  that  for  two  days  there 
had  been  a  violent  snow  storm.  The  camps,  however,  were  in  good 
shape  and  the  contractors  were  ready  and  anxious  to  begin  work. 

At  the  outset  the  contractors  had  to  do  much  preliminary  work; 
the  building  of  a  spur  track  two  miles  long  for  the  ready  delivery  of 
material  from  the  main  line  of  the  Union  Pacific  Railroad;  black- 
smith and  machine  shops  to  be  erected;  electric  light  and  compressed 
air  plants,  with  their  attendant  wire  and  pipe  lines,  to  be  installed;  a 
shaft  for  the  tunnel  to  be  started  at  once;  nearly  two  miles  of  double- 
track  3-ft.  gauge  railway  to  be  built;  a  pumping  station  to  be  placed 
on  Dale  Creek,  with  a  pipe  line  extending  to  Station  960;  besides  many 
other  important  items,  all  demanding  immediate  and  close  attention, 
with  not  a  day's  time  to  lose,  as  the  seasons  in  this  altitude  and  lati- 
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Fig.  1.— General  View  of  Heaviest  Part  of  Work;  U.  P.  Rv.,  in  Wyoming. 


Fig.  3.— Dale  Creek  Fill,  U.  P.  Ry.,  in  Wyoming. 
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tude  are  very  short,  tlie  last  snow  storm  having  occurred  on  June  9th 
and  the  first  of  the  next  season  on  September  26th. 

The  first  efforts  at  actual  construction  were  directed  toward  getting 
a  number  of  teams  on  the  grade  between  Stations  1  030  and  1  069,  and 
the  writer's  first  duty  was  to  cross-section  between  these  points.  On 
May  1st  and  2d,  in  the  midst  of  heavy  squalls  of  snow,  the  engineer 
corps  cross-sectioned  the  rock  hill  dubbed  "Spionkop,"  between 
Stations  1  086  and  1  088,  fifty  rock  men  being  started  there  at  once. 

In  the  morning  of  May  4th  the  east  tunnel  approach  was  cross- 
sectioned  from  Stations  996  to  1  023,  and  at  1  p.  m.  of  the  same  day 
the  excavation  was  commenced. 

On  the  following  day  cross-sections  were  run  from  Stations  971  to 
978,  being  part  of  the  west  tunnel  api^roach,  and  work  was  started 
immediately  after  the  stakes  were  driven,  in  fact,  before  all  were  in. 
At  5  p.  M.  of  this  day  the  first  steam  shovel  arrived.  On  May  7th  the 
foundations  for  the  electric  light  and  compressor  plants  were  begun, 
and  five  laborers,  with  a  foreman,  began  sinking  a  shaft  for  the  tunnel 
at  Station  984.  On  the  same  day  Mahoney  Brothers  commenced  the 
erection  of  their  camps  opposite  Station  955.  May  15th  may  be  set  as 
the  date  of  the  beginning  of  actual  operations,  for,  althoiigh  a  number 
of  teams  had  been  working  on  the  grade  previous  to  this  date,  it  was 
not  until  this  day  that  the  steam  shovels  were  started,  one  being 
placed  in  a  borrow  pit  opposite  Station  1  060  and  about  350  ft.  to  the 
south,  a  second  beginning  in  the  east  tunnel  approach  at  Station  1004. 
At  this  time  the  double-track  railway  was  comi^leted  as  far  as  Station 
1  070.  Fig.  1,  Plate  I,  is  a  general  view  of  that  portion  of  the  work  lying 
between  Stations  1  070  and  1  098,  "  Spionkoj)  "  lying  a  little  to  the  left 
of  the  center,  with  the  "  Kock  of  Gibraltar  "  beyond  and  to  the  left,  the 
grade  line  being  shown  on  the  former  by  the  cutting  through  its  peak 
and  on  the  latter  by  the  working  bench,  while  between  the  two  lies 
Dale  Creek  and  the  famous  fill  of  475  000  cu.  yds. 

From  this  time  on,  machinery  was  rapidly  put  in  place,  until 
finally  there  were  in  operation  eight  steam  shovels,  and  fifteen  locomo- 
tives with  trains  of  from  ten  to  eighteen  3-yd.  dumj?  cars  each.  The 
machine  drills  were  run  by  compressed  air,  and  work  was  carried  on 
both  night  and  day,  the  works  being  lighted  by  electricity. 

From  May  15th  to  June  1st  steam  shovels  and  teams  were  engaged 
in  building  the  embankment,  from  Stations  1  070  to  1  085,  up  as  high 
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as  the  lower  level  shown  in  Fig.  1,  Plate  I,  this  level  striking  "  Spion- 
kop,"  near  the  7  825-ft.  contour,  or  27  ft.  below  grade.  On  June  4th 
a  line  following  this  contour  as  closely  as  possible  was  located  around 
the  hill  for  the  3-ft.  gauge  railway,  the  curves  running  from  40  to  70 
degrees.  This  is  partly  shown  in  Figs.  1  and  2,  Plate  I.  At  Stations 
2  +  71  and  4  -f-  73  on  this  narrow  gauge  line,  split  switch  jjoints  were 
inserted,  and  about  June  8th  the  active  construction  of  the  immense 
fill  may  be  said  to  have  been  begun,  by  side  dumping  and  constantly 
throwing  the  track  ahead.  This  side-dumping  was  continued  until 
about  July  19th,  when,  owing  to  the  failure  of  the  foundries  to 
supply  the  60-in.  pipe  promptly,  the  work  on  the  west  side  of  the 
creek  had  to  be  temporarily  stoj^ped.  The  contractors  then  com- 
menced filling  to  the  grade  line  west  of  "  Spionkoi^,"  shown  as  the 
upper  level  in  Fig.  1,  Plate  I.  Prior  to  this,  however,  a  line  had  been 
located  and  constructed  on  the  7  790  ft.  contour,  from  a  borrow  pit  on 
the  east  side  of  Dale  Creek,  around  the  base  of  "Gibraltar"  to  the 
south  line  of  slope  stakes.  Here,  one  shovel  and  two  trains  were  con- 
stantly pouring  in  material,  in  the  quadrant  of  a  circle  whose  radius 
was  the  distance  between  the  opposite  slope  stakes;  the  track  being 
occasionally  lengthened  by  means  of  temporary  trestles,  one  of  which 
may  be  seen  on  the  left  in  Fig.  2,  Plate  I.  The  location  of  a  part  of 
this  line  may  also  be  seen  in  Fig.  1,  Plate  I.  It  was  not  until  July 
30th  that  the  60-in.  pipes  were  in  place,  and  work  was  resumed  on  the 
west  side.  By  this  time  the  bank  west  of  Station  1  086  had  been  filled 
to  grade,  as  shown  in  Fig.  1,  Plate  I,  and  it  became  necessary  to 
remove  the  track  from  the  south  side  of  "Spionkop,"  disconnecting 
it  at  Station  2+71  and  resorting  to  filling,  in  the  quadrant  of  a  circle, 
as  was  done  on  the  east  side.  This  continued  until  Station  1  093  was 
reached,  when  trestling  was  used,  as  shown  in  Fig.  2,  Plate  I.  The 
height  of  the  trestling,  however,  was  reduced  20  ft.  by  having  a  num- 
ber of  teams  build  earth  bases  before  its  construction  was  commenced. 
On  August  1st  the  narrow-gauge  track  was  laid  through  the  rock  cut 
on  the  toji  of  "  Spionkop,"  and  the  first  bent  of  temporary  trestle  for 
the  upper  and  final  lift  was  erected.  Fig.  2,  Plate  I,  shows  the  con- 
dition of  the  work  on  September  1st;  "Spionkop"  being  on  the 
extreme  right,  the  first  trestle  to  the  left  being  to  grade,  the  second 
30  ft.  below,  and  the  one  on  the  extreme  left,  coming  from  the  shovel 
on  the  east  side,  60  ft.  below  grade.     December  1st  saw  this  gigantic 
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"bank  of  475  000  cu.  yds.  completed.  This  fill  is  to  take  the  place  of  a 
bridge  on  the  main  line  127  ft.  high.  The  writer  did  not  agree  en- 
tirely with  the  foregoing  method  of  construction,  as  it  was  productive 
of  much  expense,  annoyance  and  delay.  He  is  of  the  opinion  that 
had  a  line  been  built  around  "  Spionkop  "  on  the  7  790-ft.  contour 
with  trestling  from  the  first,  it  would  have  been  found  much  more 
expeditious  and  less  expensive;  however,  he  was  overruled  in  the 
matter  at  the  time,  but  since  then  has  had  the  poor  satisfaction  of 
having  the  contractors  tell  him  that  they  regretted  not  having  adopted 
his  plan. 

As  stated,  on  May  7th,  work,  was  begun  on  a  shaft  for  the  tunnel  at 
Station  984,  and  was  continuously  prosecuted,  night  and  day,  through 
the  solid  granite,  until  on  Jiine  13th  a  depth  of  65  ft.  was  reached,  5 
ft.  below  the  springing  line  of  the  arch.  Here  the  first  difliculties 
and  anxieties  of  the  engineers  in  charge  began,  for  it  now  became 
necessary  to  set  grades  and  centers  for  the  two  headings;  one  working 
east,  the  other  west.  The  writer  had  no  suitable  instruments,  the  best 
being  an  ordinary  Gurley's  plain  transit,  and  a  20-in.  level.  He  also 
bad  two  50-ft.  metallic  tape  lines,  and  two  1-lb.  plumb-bobs  of  cast  iron, 
baving  points  |-in.  in  diameter.  Placing  two  3  x  12-in.  planks  securely 
•over  the  shaft,  two  nails  were  set  on  center  and  partially  driven.  A 
wire,  fastened  at  each  end  to  the  nails,  was  then  stretched  across,  and 
the  two  plumb-bobs  were  suspended  therefrom.  Two  holes,  one  on 
each  side,  were  then  drilled  1  ft.  above  the  crown,  two  wooden  plugs 
were  inserted,  the  plumbs  were  again  dropped  and  two  nails  set.  For 
elevation,  two  metalUc  tai)e  lines  were  tied  together  and  the  elevation 
was  measured  in  from  a  bench  set  at  the  edge  of  the  shaft  and  cheeked 
by  means  of  a  wire  measured  to  exact  length  over  the  level  rod.  Hoist- 
ing engines,  gallows  frame,  and  blacksmith  shops  were  soon  erected, 
and  in  a  short  time  the  center  line  was  completely  obstructed,  so  that 
when  the  headings  were  driven  about  75  ft.  on  each  side,  and  centers 
had  to  be  reset,  the  first  having  been  blown  out,  it  became  necessary 
to  use  an  offset  line.  This,  the  writer  disliked  doing,  owing  to  the 
poor  character  of  the  instruments  at  hand;  however,  it  was  imperative 
and  he  had  no  choice  in  the  matter.  At  Station  992,  east  of  the  shaft,  a 
right  angle  was  turned  and  an  offset  line  60  ft.  to  the  south  estabhshed, 
and  carefully  checked  in  on  a  point  at  Station  982,  to  see  that  it  was 
23arallel.    A  point  was  then  established  opposite  the  shaft  and  a  line  run 
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across  it  at  right  angles  to  the  direction  of  the  headings.  Two  nails 
were  again  set,  a  wire  stretched  between  and  the  two  plumb-bobs- 
dropped  9  ft.  apart.  A  distance  of  55i  ft.  was  carefully  measured  to 
the  first  and  a  jjoint  set  beneath  it  in  the  floor  of  the  shaft;  the  second 
was  allowed  to  remain  suspended  as  a  foresight.  Right  angles  were 
then  turned  and  an  offset  line  4^  ft.  south  of  the  center  was  run  along^ 
the  floor  of  the  headings  in  both  directions.  For  the  center,  points  in  th& 
roof  were  then  set  from  this  line,  and  plumbs  suspended  from  them. 
For  a  check,  as  3  ft.  to  the  north  would  clear  the  obstructions  east  of  the 
shaft,  an  offset  line  at  that  distance  was  run  across  it,  and  the  two  plumbs 
suspended  with  6  ft.  between  them,  a  point  being  taken  below  one; 
the  other  remaining  suspended,  as  before,  for  a  sight.  A  3-ft.  offset 
line  was  run  along  the  floor  of  both  headings,  and  the  points  in  the 
roof,  previously  set,  were  checked  from  this.  These  points  checked 
fairly  well,  andwere  thereafter  used  to  prolong  the  line  when  necessary. 

The  operations  noted,  while  simple  enough  above  ground,  are 
very  different  beneath  it,  in  a  small  comparatively  dark  hole,  work- 
ing by  candle  light,  with  the  clatter  of  machine  drills  on  all  sides, 
gangs  of  "muckers"  waiting,  etc.,  esioecially  when  only  very  com- 
mon field  instruments  are  available.  Unless  the  engineer  in  charge 
has  a  cool,  clear-headed  instrumentman  he  is  likely  to  experience 
considerable  trouble  where  the  headings  meet. 

On  one  occasion,  the  instrumentman  declared  that  nothing  more 
could  be  done,  as  the  cross-hairs  had  slackened  so  badly,  from  the 
surrounding  moisture,  that  he  could  not  set  a  point  within  ^  in. 
Something  more  had  to  be  done,  as  it  was  imjjeratively  necessary  to 
set'a  center  ahead ;  so,  in  desperation,  the  writer  j^icked  up  a  couple 
of  candles  and  placed  the  flame  under  the  diaphragm  of  the  cross- 
wires.  This  dried  and  straightened  them  up,  and,  with  occasional 
applications  of  the  candle  flame,  the  work  proceeded. 

On  July  6th  the  heading  east  from  the  west  portal  at  Station  978, 
was  started,  and  on  August  23d,  at  Station  981  +  37,  it  met  the 
heading  being  driven  west  from  the  shaft.  The  center  line  was  then 
carefully  checked  up  and  was  found  to  be  exactly  correct  at  Station 
984,  at  the  bottom  of  the  shaft;  while,  where  the  two  headings  met,  it 
was  found  that  the  line  from  the  shaft  was  precisely  1  in.  too  far 
north,  showing  that  a  slight  angle  had  been  obtained  in  dropping  the 
plumbs. 
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Fig.  1.— East  Approach  to  Sherman  Tunnel,  Looking  East. 


Fig.  2.— East  Approach  to  Sherman  Tunnel,  Looking  West. 
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On  July  26tli  the  heading  west  from  the  east  portal  was  started 
and  continuously  driven  night  and  day  until  on  December  8th,  at 
Station  988  +  37,  it  met  the  heading  driven  east  from  the  shaft. 
Work  on  the  latter  heading  had  been  stopped  on  September  26th,  after 
being  driven  437  ft.  At  that  time  the  force  was  put  on  the  bench. 
The  entii-e  time  occupied  in  driving  the  headings  is  shown  in  Table 
No.  2. 


TABLE  No.  2 

Days. 

Number  of  feet 
driven. 

Average  rate,  in 
feet,  per  day. 

West  Portal                     .           

49 
72 
106 
139 

337 
263 
437 
763 

6.88 

3.65 

East  Shaft         

4.12 

East  Portal 

5.49 

366 

1800 

4.92 

Usually,  six  drills  on  three  columns  were  worked  in  the  headings, 
the  cut  being  drilled  8  ft.  and  the  round  10  ft.  The  most  difficult  and 
treacherous  rock  encountei'ed  was  between  the  shaft  and  the  west 
portal,  and  all  this  part  will  have  to  be  timbered;  while  from  the  shaft 
to  the  east  portal  the  material  was  very  firm.  The  bench  was  taken 
out  in  two  lifts,  and  the  progress  has  been  as  shown  in  Table  No.  3. 


TABLE  No.  3. 


Days. 

Feet. 

Average  rate,  in 
feet,  per  day. 

92 
91 
97 
51 

373 

227 
453 
180 

4.06 

2.49 

East  Shaft 

4.67 

East  Portal           .        . 

3.53 

Totals  and  average 

331 

1233 

3.73 

Much  time  was  lost  between  the  completion  of  the  heading  and  the 
•starting  of  the  bench  at  the  west  portal,  as  the  entire  heading  had  to 
be  slowly  and  carefully  timbered.  As  shown  by  the  foregoing  figures, 
567  ft.  of  bench  yet  remain  to  be  taken  out,  between  the  shaft  and  the 
east  portal;  this,  at  the  present  rate  of  progress,  will  require  about  70 
days'  more  time.  It  is  hoped,  however,  that  this  estimate  will  be 
materially  reduced. 


10 


BOGGS    ON"   HEAVY    EAILWAY    CONSTRUCTION. 


The  forces  employed  in  driving  this  tunnel,  so  far,  reduced  to  a 
unit  of  one  day,  together  with  the  wages  paid,  are  shown  in  Table 
No.  4. 

TABLE  No.  4. 


Force,  reduced  to  a 
unit  of  one  day. 

Wages  paid. 

Drillers 

7  230 

8  710 
19  980 

1236 

$3.25  per  day 

Drill  helpers 

Muckers 

2.25 

Foremen              

125.00  per  month 

37  156 

No  water,  of  any  amount,  has  been  encountered.  Plate  II  illus- 
strates  the  method  used  in  hoisting  muck  at  the  west  end;  it  being 
then  run  out  to  the  waste  bank  by  cars.  The  frame-work  on  the  right 
is  the  dumping  frame  for  the  skips.  At  the  shaft  the  muck  was  hoisted 
in  cages,  in  1-yd.  steel  cars,  which  were  run  out  on  the  waste  bank  and 
dumped.  At  the  east  portal,  track  was  laid  in  as  the  work  progressed, 
and  the  muck  was  run  out  through  the  east  approach,  and  wasted. 

Fig.  1,  Plate  III,  is  a  view  of  the  east  approach,  showing  the  condi- 
tion of  the  work  on  July  23d.  Fig.  2,  Plate  III,  is  another  view  of  the 
same  on  August  25th.  The  tunnel  heading  can  be  seen  near  the 
center;  on  the  right  are  the  machine  and  blacksmith  shojjs,  the  elec- 
tric light  and  compressed  air  plant,  known  as  "The  Power  House," 
while  over  the  hill,  and  above  the  excavation,  is  the  top  of  the  smoke- 
stack of  the  hoisting  engine  and  gallows  frame  at  the  shaft. 

On  May  22d  Roman  &  Scott,  with  a  force  of  eleven  men,  about  all 
that  could  be  worked  to  advantage,  began  excavating  the  deep  rock 
cut  at  the  hill  dubbed  "  Gibraltar."  This  was  a  peak  of  solid  granite, 
70  ft.  above  the  grade  line  at  the  highest  point.  Operations  com- 
menced by  running  a  3  x  4  ft.  tunnel  along  the  center  line  and  at 
grade  for  50  ft.  An  ell,  20  ft.  long,  was  then  drifted  to  the  north,  and 
charged  with  8  760  lbs.  of  powder.  Fig.  1,  Plate  IV  is  a  view  of  the 
original  hill  with  the  tunnel  entrance  a  little  to  the  right  of  the  center. 
This  excavation  was  completed  on  November  1st. 

On  May  24th  Gushing  &  O'Keif  began  on  their  110  000-yd.  embank- 
ment, 900  ft.  long,  and  finished  it  on  October  20th. 
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On  June  16tli  the  Beaumier  Contracting  Co.  started  on  their 
€0  OOO-ycl.  excavation,  80%  of  which  was  solid  rock,  and  finished  it  on 
December  31st. 

On  May  10th  Mahoney  Bros,  started  on  their  sub-contract,  and  will 
probably  finish  in  February,  1901.  Nearly  all  their  excavations  have 
been  through  the  very  hardest  granite,  and  considerable  difficulty  has 
been  encountered  in  moving  it,  on  account  of  the  immense  amount  of 
drilling  necessary  before  the  steam  shovels  could  properly  handle  it. 
All  the  shallow  excavations  between  Stations  907  and  925  consist  of 
hard  granite,  and  the  roadbed  being  47  ft.  wide,  on  account  of  side 
tracks,  made  it  very  difficult;  however,  it  was  well  handled.  On  July 
31st  Mr.  Smith  began  by  drilling  holes  4^  and  5  ft.  apart  all  over 
the  surface,  and  on  October  15th  had  finished  the  entire  eighteen 
stations. 

Out  of  1  250  000  cu.  yds.  to  be  moved  on  the  4  miles,  only  12  000 
cu.  yds.,  exclusive  of  the  tunnel,  remained  on  December  31st,  1900. 

The  specifications  admitted  of  but  two  classifications,  "Eai-th" 
and  "Eock."  All  that  could  not  be  ploughed  with  a  No.  1  breaking 
plow  and  six  horses  had  to  be  classed  as  solid  rock.  To  draw  the  line 
between  the  two  was  sometimes  very  difficiilt. 

The  writer  does  not  claim  anything  extraordinary  about  this  work, 
except  the  wonderfully  short  time  in  which  an  immense  amount  of 
railway  grading  can  be  accomplished  with  modern  appliances  and 
methods  under  difficult  and  discouraging  conditions.  One  of  the 
greatest  annoyances  to  which  the  contractor  is  subjected  in  this 
section  is  the  worthless,  thriftless  class  of  men  he  has  to  depend  upon 
for  labor. 

Sections  18,  20  and  21  were  entirely  finished  on  December  31st, 
1900,  and  final  estimates  were  rendered.  On  Section  19  Mahoney 
Bros,  still  have  about  12  000  cu.  yds.  to  move  and  some  sloping  to  do. 
Beaumier  has  to  do  some  slope  trimming,  and  not  quite  one-third  of  the 
bench  in  the  tunnel  has  yet  to  be  moved,  while  in  the  east  approach 
about  one-half  the  slopes  have  to  be  trimmed  up  and  the  cut  ditched 
— the  latter  being  difficult,  owing  to  the  frozen  condition  of  the 
ground. 

A  profile  of  this  division  is  shown  in  Fig.  1.  From  the  start  to  the 
present  time  the  forces,  reduced  to  a  unit  of  one  day,  have  been  as 
shown  in  Table  No.  5. 
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TABLE  No.  5. 


Contractor. 

G.  C. 
Smith. 

Mahoney 
Bros. 

Beaumier 
Contract- 
ing Co. 

Kilpatrick 

Bros.  & 
Collins,  and 
Wood  Bros. 

Roman 
&  Scott. 

Gushing 
&  O'Kett. 

Men. 

Foremen 

Laborers 

Drillers 

2  115 
38.5 
116 

1  046 
13  710 
1  850 
1  712 

1  488 

704 

10  354 

527 

1  364 

6  854 
50  922 

7  625 
19  243 

7  263 

203 

1  117 

.307 

240 
1  957 

Ti'ainmen. 

Totals 

2  846 

19  806 

12  949 

91  907 

1  627              2  197 

Teams. 

Scrapers 

Carts.. 

920 
134 

144 

1  016 

452 

4  854 

9 
216 

2  952 

Plows 

235 
305 
34 

77 

610 

520 

1  521 

295 

Cars. 

839 

107 

Totals 

1  198 

1  580 

1  368 

7  505 

225 

3  354 

G.  C.  Smith's  Plant. 

1  12-H.-P.  portable  boiler. 

2  machiue  drills  and  a  niiniber  of  hand  drills. 


Mahoney  Bkothees'  Plant. 

1  55-ton  Vulcan  steam  shovel;  60  H.-P.,  geared  up  to  100  H.-P. ; 

capacity  of  dipper,  2  cu.  yds. 
1  80-ton  Vulcan  steam  shovel;  engines,  13  x  15-in. ;  single  engine, 

46  H.-P.;  double  engine,  96  H.-P.;  geared  up  on  gear  and 

pinion  four  times  and  on  hoisting  chain  twice;  capacity  of 

dipper,  3^  cu.  yds. ;  boiler,  100  H.-P. 
1  Barnhart,  model  "A,"  shovel.     (The  work  done  by  this  shovel 

was  insignificant.) 
1  10-ton  locomotive;  cylinders,  8  x  14  ins. 

1  12-ton  "  "  9x14  ins. 
50  3-yd.  Western  dump  cars. 

2  12-H.-P.  stationary  boilers. 
1  lO-H.-P.  portable  boiler. 

6  machine  drills. 
1  complete  derrick. 

There  were  267  steam-shovel  days,  and  384  locomotive  days,  with 
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3  421  cars  in  service.     No  record  of  the  average  car  output  was  kept. 
The  average  length  of  haul  was  about  2  700  ft. 

BeAUMIEK  CONTKACTING  CO.'S    PlANT. 

1  45-ton  Barnhart,  model  "A,"  steam  shovel,  of  50  H.-P.,  geared 

up  to  75  H.-P.;  capacity  of  dipper,  IJ  cu.  yds. 
50  1-yd.  dump  cars,  hauled  by  teams. 

2  machine  drills. 

1  complete  derrick,  with  12-H.-P.  stationary  engine. 
Shovels,  picks,  etc. 

There  were  131  steam-shovel  days,  with  3  206  cars  in  service.     The 
average  haul  was  1  400  ft. 

Plant  of  Cushing  &  O'Keif. 
1  377  1-yd.  cars. 
Plant  of  Kilpatbick  Bkotheks  &  Collins,  and  of  Wood  Beothees. 

Machhiery  in  Shops. 

3  100-H.P.  boilers. 

1  air  compressor,  250  H.-P. 

1  "  "  200  H.-P. 

2  receivers  (air  usually  carried  at  6  atmospheres). 

3  blacksmiths'  forges. 

1  steam  hammer,  100  lbs.,  2-ft.  drop. 

1  Am.  Tool  Co.  lathe,  36-in.  swing,  8-ft.  centers. 

1     "  "  "       24-iu.       "      16-ft.       " 

1  planer,  14-ft.  bed.  3  ft.  under  head. 

2  drill  presses,  5i  ft.  and  3  ft. 
1  bolt  cutter,  ^  in.  to  1^  in. 

1  Eice's  automatic  engine,  9  x  15  ins. 

1  30-H.-P.  high-speed  engine. 

1  30-H.-P.  Atlas  engine. 

1  72-H.-P.  dynamo,  250  volts. 

1  50-H.-P.  dynamo,  125  volts. 

1  40-H.-P.  boiler. 
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Machinery  at  Shaft. 

1  Lidgerwood  double  hoisting  engine,  cylinders  10x16  ins.,  witb 
double  drvim. 

1  75-H.-P.  boiler. 

2  steel  shaft  cages,  7  500  lbs.  each. 
8  1-yd.  steel  cars. 

1  blacksmith's  forge. 

Machinery  at  West  Portal. 

1  i^air  of  hoisting  engines..  7x9  ins. 
1  40-H.-P.  boiler. 
1  blacksmith's  forge. 
1  comijlete  derrick. 

Steam  Shovels. 

1  90-ton  Barnhart,  Model  "K";  boiler,  100  H.-R;  engines, 
13  X  15  ins. ;  single  46  H.-P.;  double,  92  H.-P. ;  geared  up  on 
gear  and  pinion  four  times  and  on  hoisting  chain  twice; 
capacity  of  dipper,  3|  cu.  yds. 

160-ton  Barnhart,  Model  "  G  ";  boiler,  75  H.-P.;  engines, 
12  X  14  ins.;  single,  30  H.-P.;  double,  60  H.-P.;  geared  up 
on  gear  and  pinion  four  times  and  on  hoisting  chain  twice; 
capacity  of  dipper,  24  cu.  yds. 

1  70-ton  Bucyrus,  No.  350;  boiler,  75  H.-P.;  engines,  10  x  16  ins. 
single,  35  H.-P.;  double,  70  H.-P.;  geared  up  on  gear  and 
pinion  five  times  and  on  hoisting  chain  twice;  capacity  of 
dipper,  2i  cu.  yds. 

1  50-ton  Bucyrus,  No.  157;  boiler,  70  H.-P. ;  engines,  10x14  ins.; 
single,  30  H.-P.;  double,  60  H.-P.;  geared  up  on  gear  and 
l>inion  live  times  and  on  hoisting  chain  twice:  capacity  of 
dii^pei-,  21  cu.  yds. 

0)1  the  WorJcs,  (ienerally. 

7  12-ton  Porter  engines;  cylinders,  9  x  14  ins. 
1  10-   "  "  '•  8x11   " 

1  10-   "    Porter  &  Bell  engine;  cylinders,  10  x  12  ins. 

2  15-  "   Baldwin  engines;  cylinders,  10  xl6ins.,  6- wheel  connected. 
1  15-  "  "  "         10x15     " 
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4  Fail-bank's  M.  &  Co.  pumps,  6x4x6  ins. 
250  3-y(l  Western  dump  cars. 

50  1-ycl.  dump  cars. 
25  machine  drills. 
3  water  tanks;  8  000  galls,  each. 

5  wagon  tanks. 

2^  miles  of  3- in.  iron  i^ipe. 
3  600  ft.  of  4-iu.  iron  pipe. 
2  000  "  2  J -in. 

300  "  li-in. 

lOOO         "  1-in. 

Also  a  number  of  shovels,  picks,  lanterns,  cables,  etc.,  etc. 
The  actual  shovel  outijut  is  shown  in  Table  No.  6,  together  with  the 
average  haul,  etc. 

TABLE  No.  6. 


Shovel. 

Cars. 

Average  haul. 

Bucvrus,  No.  157, , 

14  094 

61436 

.       65  7i)l 

58  221 

2  000  ft. 

Bucyrus,  No  350 

8  000  •• 

9.500  " 

1  600  " 

Total 

199  542 

There  were  472  steam-shovel  days  and  1  479  locomotive  days,  with 
17  898  cars  in  service. 

The  quantity  of  jiowder  used  by  Kilpatrick  Brothers  k  Collins  on 
their  portion  of  the  work,  between  Stations  978  and  1  098,  was  as 
follows: 

Gelatine 106  700  lbs. 

Dynamite  (50%) 49  350    " 

Judson  powder 10  600    " 

Black  powder 139  2.50    " 

Total 305  90O    " 

For  skilled  labor  the  rate  was  generally  i?3  per  day;  for  unskilled 
labor  ^2  per  day,  and  for  forerden  .$100  per  month. 

There  have  been  few  accidents,  considering  the  magnitude  of  the 
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work.  Three  men  have  lost  their  lives,  and  less  than  a  dozen  have 
been  injured,  only  two  of  these  seriously. 

Too  much  praise  cannot  be  given  to  the  contractors,  Messrs.  Kil- 
patrick  Brothers  &  Collins,  and  Wood  Brothers,  for  the  vigorous 
manner  in  which  they  carried  out  the  work. 

Fig.  2,  Plate  IV,  exhibits  the  styleof  houses  built  by  the  Union  Pa- 
cific Kailroad  Company  for  the  use  of  the  Division  Engineers  and  their 
parties.  On  the  right  of  the  main  building  is  a  large  room,  accommo- 
dating eight  men  with  comfort;  in  the  center  is  the  living  room  and 
kitchen;  on  the  left  is  the  engineer's  office  and  bedroom.  The  ell  con- 
sists of  two  rooms  for  the  accommodation  of  the  engineer's  family. 
The  hoiase  was  double-walled,  with  tar  paper  between,  and  closely 
ceiled. 

No  trouble  or  expense  was  spared  by  Mr.  Dunlap  in  making  the 
men  under  him  comfortable;  the  house  was  well  and  completely  fur- 
nished by  the  company,  and  there  was  a  plentiful  fuel  supply,  which 
is  greatly  needed  in  that  severe  climate.  The  house  was  lighted  by 
electricity  from  the  "  Power  House." 

The  writer  desires  to  return  thanks  to  his  instrumentman,  Mr.  A. 
J.  Wharf,  for  his  careful,  patient  and  painstaking  work,  which  made  it 
possible  to  accomplish  such  good  results. 

It  may  seem  that  this  paper  is  premature,  because  the  work  is  not 
yet  finished.  The  writer  regrets  this,  and  offers  in  excuse  the  fact 
that  the  j^resent  seemed  to  be  the  only  time  which  he  could  devote  to 
its  preparation. 
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DISCUSSION. 


EsiTLE  Low,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  desires  to  Mr.  L 
■draw  attention  to  some  heavy  railway  construction  in  Virginia,  on  ,the 
line  of  the  Clinch  Valley  Division  of  the  Norfolk  and  Western  Rail- 
road (now  Railway).  This  division  extends  from  Graham,  on  the 
Norfolk-Columbus  Division,  to  Norton,  the  junction  with  the  Louis- 
ville and  Nashville  Railroad,  a  distance  of  100  miles.  The  line 
traverses  the  mountain  region  of  Southwestern  Virginia,  forming  the 
western  slope  of  the  Allegheny  Mountains.  Some  of  the  mountain 
peaks  in  this  section  reach  an  altitude  of  nearly  5  000  ft.  above  sea 
level.  The  line  generally  follows  Wright's  Creek  (a  tributary  of  the 
New  River),  Clinch  River,  Thompson's  Creek  and  Guest's  River,  the 
two  latter  being  tributaries  of  Clinch  River.  Very  heavy  work 
occurs  at  the  divides  where  the  line  passes  from  one  valley  to  another; 
especially  is  this  the  case  between  St.  Paul  and  Colburn.  The  cost 
of  the  heaviest  sections,  usually  one  mile  in  length,  in  round  num- 
bers, was  as  follows:  Section  51,  $100  000;  Section  81,  $121  000;  Sec- 
tion 85,  $166000;  Section  86,  $111  000;  and  Section  89,  $153  000.  Six 
tunnels,  ranging  in  length  from  327  to  1  925  ft.,  occur  on  the  sections 
mentioned,  hence  the  large  cost. 

On  the  hundred  miles  there  were  25  sections  the  cost  of  which 
ranged  from  $40  000  to  $166  000,  with  a  total  cost  of  $1  718  000,  or  an 
average  of  nearly  $70  000  per  mile,  the  cost  of  the  track  not  being 
included. 

It  is  the  writer's  intention,  however,  to  mention  more  si^ecifically 
the  construction  of  Sections  31  to  35,  inclusive,  between  Pounding 
Mill  and  Cedar  Bluflf,  where  the  construction  consisted  almost  wholly 
of  open  excavation  and  bridging.  On  these  sections  there  are  only 
three  short  tunnels,  155,  437  and  540.5  ft.  long,  respectively.  The 
railway  between  the  points  mentioned  follows  the  valley  of  the  Clinch 
River,  a  tortuous  mountain  stream,  which  cuts  its  way  through  a 
range  of  limestone  hills,  known  locally  as  Kent's  Ridge.  The  river  is 
crossed  ten  times.  Near  Pounding  Mill  five  crossings  occur  within 
half  a  mile;  the  other  five  crossings  occurring  within  the  last  6  000  ft., 
near  Cedar  Bluflf. 

The  course  of  the  Clinch  River  east  of  Pounding  Mill  is  compara- 
tively straight,  but  the  south  bank  is  an  almost  perpendicular  cliff  for 
the  distance  mentioned.  The  course  of  the  river  just  west  of  Pound- 
ing Mill  is  very  sinuous,  the  distance  between  Bridges  1338  and  1342 
(known  as  Crossings  9  and  13,  of  Clinch  River),  measured  along  the 
center  line  of  the  railway  is  2  700  ft.,  while  the  length  of  the  stream 
between  the  same  points  is  about  7  600  ft. ,  or  nearly  three  times  as  long. 

As  previously  stated,  the  river  is  crossed  five  times  in  about  half  a 
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Mr.  Low.  mile.  The  crossings  range  from  33  to  44  ft.  in  height,  between  base  of 
rail  and  water  surface.  The  bridges  are  Howe  trusses,  resting  ixpon 
masonry  substructures.  For  the  higher  bridges,  trestles  are  used  for 
the  approaches  on  either  side  of  the  main  span. 

There  being  practically  no  embankment  on  this  2  700-ft.  section, 
nearly  all  the  material  from  the  excavations  had  to  be  wasted.  The 
narrow  ridge  between  Bridges  1340  and  1341  is  j^ierced  by  a  short  tun- 
nel known  as  Tunnel  No.  1. 

Some  of  the  bridges  near  Cedar  Bluff  are  located  on  curves,  the 
others  on  tangents,  and  X-walls  were  here  substituted  for  the  short 
spans  at  the  ends. 

The  strata  in  the  section  mentioned  dip  to  the  south,  the  dip  rang- 
ing from  30  to  45  degrees.  This  fact  largely  increased  the  quantities 
of  excavation,  as  the  cuts,  upon  being  excavated,  assumed  slopes  on  one 
side  corresponding  to  the  dip  of  the  rock,  the  excess  material  beyond 
the  prescribed  slope  lines  being  literally  solid  rock  slides — an  uncom- 
mon kind  of  slide, 

In  one  case  a  slide  of  this  character  occurred  after  the  track  was 

•  laid.     This  was  in  the  cut  between  Bridges  1338  and  1339.     One  night, 

during  a  heavy  rain,  the  upper  side  of  the  cut  slid  in,  covering  the 

track  to  a  depth  of  over  20  ft. ,  for  a  length  of  about  400  ft. ,  about  QOjJj^ 

of  the  slide  being  composed  of  solid  rock. 

The  heaviest  work  occurred  on  Section  31,  where  the  south  bank 
formed  an  almost  perpendicular  wall  over  110  ft.  in  height,  from  the 
surface  of  the  river  up. 

Section  33,  comprising  what  was  called  the  Horse  Shoe  Bend,  was 
the  lightest. 

Tunnels  Nos.  2  and  3  were  located  on  8°  curves.  As  the  tunnels 
were  worked  from  both  ends  it  was  very  essential  that  the  alignment 
should  be  correct.  Previous  to  construction  the  center  line  was  care- 
fully re-run,  all  measurements  being  made  with  steel  tapes.  At 
convenient  places  outside  of  the  tunnel  portals,  points  on  the  center 
line  were  established,  and  lines  tangent  to  the  curve  run  out  to  inter- 
sections. The  tangents  were  carefully  measured,  as  also  the  long- 
chords  and  versed  sines.  After  all  measurements  were  found  to 
agree  with  the  theoretical  calculations,  the  line  was  carefully  refer- 
enced and  construction  started.  It  is  quite  needless  to  say  that  the 
work  from  each  end  met,  absolutely. 

The  price  paid  for  tunnel  excavation,  proper,  was  for  the  material 
only  between  the  neat  lines  of  the  prescribed  cross-section.  On 
account  of  the  inclination  of  the  strata  passed  through,  there  were 
more  or  less  falls,  or  breakage,  as  it  was  termed.  The  contractors 
were  paid  for  this  excess  material,  beyond  the  prescribed  section,  at 
a  reduced  price.  The  percentages  of  this  breakage,  as  comj^ared  with 
the  neat  or  prescribed  sections,  for  the  different  tunnels  were  as  follows: 
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No.  1, 19;^;  No.  2,  16%;  No.  3,  24  per  cent.    These  percentages  of  falls  Mr.  Low. 
may  seem  large,  but  were  wholly  attributable  to  the  inclination  of  the 
strata,  as  before  mentioned. 

Hand-drilling  was  largely  used  in  excavating  these  tunnels,  although 
steam  drills  were  used  occasionally. 

The  tunnels  required  no  timbering,  except  that  a  short  length  of 
timber  lining  was  put  in  at  the  west  portal  of  Tunnel  No.  2,  where  the 
material  was  subject  to  disintegration. 

There  was  no  contract  price  for  foundation,  coffer-dams  and  other 
items  connected  with  bridge  foundations.  This  and  other  work  was 
termed  "  extra  work"  and  was  paid  for  by  force  account,  the  contrac- 
tor being  paid  the  actual  cost  of  labor  and  materials,  plus  15,"o  for  use 
of  tools  and  suiaermtendence. 

Each  day  the  contractor  furnished  the  resident  engineer  with  an 
itemized  statement  of  all  the  extra  work  done  on  the  ijrevious  day. 
This  statement  was  made  out  on  blank  forms  supplied  by  the  railway 
company,  and  showed  in  detail  the  kind  of  extra  work  j)erformed,  the 
locality,  the  number  of  workmen  of  all  classes  engaged,  quantities  of 
material  used,  rates  of  pay  and  of  material,  and  the  money  amount 
for  the  day.  A  separate  rejjort  was  made  for  each  piece  of  work.  These 
daily  rejjorts  were  duly  checked  by  the  resident  engineer,  and  all  dis- 
crei^ancies,  if  any,  harmonized  and  corrected  at  once. 

A  weekly  summary  of  all  extra  work  performed  was  sent  to  the 
division  engineer  for  inspection  and  approval,  and  also  for  information, 
so  as  to  enable  him  to  modify  or  change  any  particular  jiiece  of  work, 
if  the  expense  seemed  unreasonable. 

Monthly  bills  were  prepared  from  the  daily  reports,  each  jjiece  of 
work  being  duly  itemized  and  charged  to  the  section  to  which  it  be- 
longed; this  method  being  preferred  to  the  somewhat  usual  ijractice  of 
converting  the  amounts  into  quantities  of  excavation  and  thus  being 
lost  to  view  in  the  general  result.  Table  No.  7  gives  in  detail  the 
quantities  and  cost  of  the  work. 

TABLE  No.  7. 


Section 

Open  Excavation. 

Tunnel 
Excavation. 

"3 

P 

Cost, 

No. 

Earth. 

Loose 
rock. 

Solid 
rock. 

Total. 

Regu- 
lar. 

Break- 
age. 

including 
bridges. 

31 

10  599 
]  100 

4  924 
6  651 

Cu.yds. 
4  922 
8  477 
7  371 
4  619 
2  560 

Cu.  yds. 
85  623 
6.3  022 
27  029 
31  171 
26  528 

Cu.  yds. 
96  892 
83  09H 
35  400 
40  714 
35  739 

Cu.yds. 

Cu.yds. 

Cu.yds. 

1  019 

146 

1  520 

1  742 

Acres. 
7.09 
9.61 

13.19 
5.69 
4.47 

$76  000 
82  000 

3-^ 

1  514 

288 

34 

35 

5  252 

6  126 

821 
1  467 

66  000 
70  000 

Totals.. 

29  621 

27  849 

233  373 

290  843 

12  892 

2  576 

5  355 

39.05 

S318O0O 
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The  cost  of  Section  No.  36  was  $54  000. 
The  cost  of  track  is  not  included  in  Table  No   7. 
It  will  be  noticed  that  a  large  percentage  of  the  material  excavated 
was  solid  rock,  the  earth  and  loose  rock  being  merely  thin  coverings 
overlying  the  solid  rock. 

The  various  jjercentages  of  the  excavation  were:  Earth,  10.2;  loose 
rock,  9.6;  and  solid  rock  80.2. 

The  following  are  the  contract  prices  paid  for  the  various  items  of 
work: 

Earth  excavation .'^0 .  18  per  cubic  yard. 

Loose  rock  excavation 0.35 

Solid      "  "  0.75 

Tunnel  excavation 3 .  25 

Tunnel  breakage 1 .  50 

Rock-face  ashlar  masonry 8.00 

Broken  range  "  6.00 

Box  culvert  "  3 .  00 

Dry  paving  "  1 .  50 

Eip-rap  "  1.00 

Clearing  and  grubbing 30 .  00  per  acre. 


These  prices  were  fixed  by  the  chief  engineer,  and  were  the  pre- 
vailing prices  for  the  whole  line. 

The  cost  of  the  explosives  for  the  open  excavation  was  approxi- 
mately 5,  10  and  15  cents  for  earth,  loose  rock  and  solid  rock, 
respectively. 

The  wages  paid  were  $1.20  i^er  day  for  laborers,  who  were  nearly  all 
negroes,  and  $3  per  day  for  foremen. 
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THE  KINZUA  VIADUCT  OF  THE  ERIE  RAILROAD 
COMPANY. 


By   C.    K    GiUMM,    M.    Am.    Soc.    C.    E. 
Presented  January  2d,  1901. 


WITH  DISCUSSION. 

The  Kiuzua  Viaduct  is  on  the  Bradford  Division  of  the  Erie  Rail- 
road, and  is  situated  in  McKean  County,  Pa. 

The  old  viaduct  was  in  service  for  about  nineteen  years,  and  has 
now  been  replaced  by  a  new  steel  structure,  built  under  the  chai'ge 
of  C.  W.  Buchholz,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Erie 
Railroad  Company,  Mr.  M.  Strong  being  the  Bridge  Engineer.  The 
contractors  for  the  steel  work  were  the  Elmira  Bridge  Company, 
Limited,  Elmira,  N.  Y. ;  and  the  contractors  for  the  erection  were 
Grattan  and  Jennings,  Buffalo,  N.  Y.  The  drawings  were  prepared 
under  the  care  of  E.  E.  Buchanan,  M.  Am.  Soc.  C.  E. ,  Secretary  of 
the  Elmira  Bridge  Company.  The  writer,  in  his  capacity  as  Engi- 
neer of  that  company,  designed  the  viaduct  and  also  suggested  the 
particular  nature  of  its  towers,  which,  in  their  construction,  form  a 
radical  departure  from  previous  practice  in  viaduct  designing.  The 
character  of  the  tower  bents  is  not  new,  as  such  forms  have  often 
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been  used  by  structural  as  well  as  mechanical  engineers;  but  their 
application  to  a  railway  structure  and  on  a  large  scale  is  certainly  a 
novelty. 

The  design  of  the  viaduct  is  quite  simple,  so  that  it  will  suffice 
to  give  a  brief  description,  bvit  before  proceeding  to  do  so,  it  may 
be  well  to  state  the  reasons  which  led  the  wi-iter  to  make  his  sug- 
gestions. 

The  original  problem  consisted  of  the  design  of  towers  with  stiff 
members  throughout,  together  with  secondary  struts  and  diagonals 
for  the  taller  towers,  lying  in  a  longitudinal  vertical  plane,  coincident 
with  the  axis  of  the  structure,  and  forming  a  suiDport  for  the  very  long 
members  of  the  wind  bracing.  A  design  for  the  tallest  tower,  in  con- 
junction with  an  estimate  of  its  weight,  was  prepared  by  the  writer, 
but  the  weight  proved  to  be  excessively  great,  even  after  many 
changes  in  the  design  had  been  introduced.  The  next  step  was  the 
substitution  of  lateral  rods  for  all  the  longitudinal  and  transverse 
diagonals,  but  this  design,  too,  although  calling,  of  course,  for  less 
weight,  was  soon  abandoned.  In  the  early  stages  of  the  design  the 
writer  entertained  no  doubt  that  a  tower  of  nearly  300  ft.  in  height, 
and  based  on  the  lines  described,  would  never  give  the  desired 
results,  but  that,  on  the  contrary,  they  could  be  effected  by  a  radical 
change. 

Such  tall  towers  have  far  too  many  members  to  conform  with  all 
those  advantages  which  are  sought  to  be  realized  in  a  structure.  The 
secondary  members,  running  to  a  very  great  weight,  and  solely 
designed  as  a  crutch  for  the  protection  of  the  wind  bracing,  did  not 
appear  to  the  writer  as  simple  means  to  accomplish  a  certain  purpose. 
On  the  contrary,  he  thought  that  this  purpose  could  be  attained  more 
simply  and  more  directly  by  building  the  wind  bracing  strong  enoiigh 
to  take  care  of  itself  without  the  support  of  a  secondary  bracing,  and 
likewise,  he  thought  that  the  tower  legs,  being  the  real  supporters  of 
the  railway,  should  stand  out  boldly,  instead  of  looking  rather  slender 
and  more  or  less  overshadowed  by  a  great  mass  of  bracings.  But 
columns  of  large  size  meant  a  considerable  increase  in  the  height  of 
the  stories,  fewer  members  to  build,  a  quicker  erection  and  a  great 
reduction  in  field  riveting. 

For  these  reasons  the  writer  suggested  two  diiierent  forms  of  tower 
bents,  one,  as  actually  built,  without  transverse  diagonals,  and  the 
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Fig.  1.— The  Old  Kinzua  Viaeuct  and  Traveler. 


Fig.  2.— New  Kinzua  Viaduct  in  Process  of  Erection. 
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other  as  shown  in  Fig.  1,  in  both  of  which  a  secondary  bracing  is  dis- 
pensed with. 

Estimates  of  the  weight  of  each  frame  were 
made,  and,  although  the  rejected  form  of  bent 
has  merits  well  worth  full  consideration,  it  may 
be  dismissed  at  once,  as  its  discussion  is  outside 
the  province  of  this  paper.  The  following  is  a 
brief  description  of  the  work : 

The  great  reduction  of  the  bending  moments, 
due  to  the  wind  forces,  and  a  consequent  reduc- 
tion in  the  weight  of  the  towers,  is  due  to  the 
fact  that  each  bent  of  the  accepted  form  is 
23ractically  a  triangle,  with  the  principal  wind 
force  acting  at  the  top,  the  sides  being  rigidly 
united  at  the  apex  by  a  header,  8  ft.  10  ins. 
deep,  made  up  of  two  solid  jjlates  as  webs,  the 

r  Hi.  I. 

chords   of  which   are  built    of  angles.     These 

facts,  taken  in  connection  with  the  general  appearance  of  the  frame, 

have  favored  the  adoption  of  this  form  of  bent. 

The  viaduct,  resting  on  the  old  piers,  is  2  053  ft.  long,  and  carries 
the  railway  on  twenty  towers  varying  in  height  from  30  ft.  to  about 
285  ft.,  from  the  toj)  of  the  masonry  to  the  base  of  the  rail,  and  having 
a  batter  of  1  to  6.  Fig.  2  is  an  elevation  of  the  highest  bent.  As 
mentioned  before,  no  secondary  bracing  has  been  used,  but  the  tallest 
towers  are  i^rovided  with  horizontal  adjustable  bracings  to  line  up  the 
tower  legs  during  erection.  The  dimensions,  sizes  and  details  of  all 
the  towers  are  the  same  from  their  tops  downward,  or  in  other 
words,  the  dimensions,  sizes,  etc.,  for  any  tower  are  obtained  from 
the  tallest  tower  by  shortening  the  same  from  the  bottom  upward. 

The  height  of  the  stories,  taken  transversely,  is  62  ft.,  which  means 
an  increase  in  height  of  about  100%"  over  that  which  is  common  in 
viaducts,  while  the  height  on  the  longitudinal  faces  is  31  ft.  The 
columns  have  no  bents  at  the  top,  and  are  composed  of  two  plates,  2  ft. 
wide,  and  four  6  x  4-in.  angles.  They  measure  3  ft.  1  in.  transversely, 
and  are  laced  by  5  x  3-in.  angle  bars.  Through  each  end  of  the  lacing 
angles,  in  the  two  bottom  stories  of  the  tallest  towers,  pass  four  |-in. 
rivets,  while  only  three  |-in.  rivets  have  been  used  for  the  three  toj) 
stories.     The  bottom  struts  are  deep  angle  struts,  latticed  on  all  four 
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sides,  and  the  higher  bents  are  bolted  down  at  their  middle  to  a  pier. 
The  depths  of  the  intermediate  transverse  struts  are  4,  6,  7  and  8  ft., 
respectively.  They  have  been  designed  as  box  lattice  girders  with 
stiff  web  members  and  brackets  at  each  end,  portal  fashion.  Each 
chord  of  these  stmts  is  composed  of  two  channels,  and  their  ends,  as 
well  as  those  of  the  headers,  are  shaped  fork-like  so  that  the  columns 
can  pass  between  the  channels  of  the  struts  and  the  web  plates  of  the 
headers,  by  which  means  substantial  and  very  rigid  connections  are 
obtained.  The  single  brackets,  the  legs  of  which  have  an  average 
length  of  12  ft.,  have  solid  webs,  and  where  they  connect  to  the 
columns,  the  plates  of  the  latter  are  stiffened  by  angles.  The 
longitudinal  diagonals  form  a  double  system,  and  are  built  of  two 
latticed  channels  connected  with  plates  at  their  intersection  jjoints, 
and  where  these  diagonals  connect  with  the  columns  the  latter  are 
provided  with  two  diaphragms,  about  2  ft.  ajiart.  Each  tower  has  two 
longitudinal  bottom  struts,  but  no  other  longitudinal  struts,  which 
make  these  systems  complete  without  the  tower  stringers. 

The  tower  legs  are  bolted  to  the  masonry  by  two  1^-in.  bolts,  which 
had  been  used  in  the  old  viaduct,  and  which  vary  in  length  from  6  ft. 
to  about  10  ft.  Provision  to  meet  the  effects  of  changes  in  temperature 
is  made  by  pockets,  riveted  to  the  headers,  in  which  the  ends  of  the 
intermediate  spans  can  slide.  There  are  in  all  twelve  freely  moving 
girder  ends  in  the  viaduct,  which  are  obtained  in  the  following  man- 
ner: Each  end  span  is  free  to  move,  as  also  the  intermediate  span  be- 
tween the  two  smallest  towers  at  each  end  of  the  viaduct,  and  five  pairs 
of  towers  are  united  by  having  their  intermediate  spans  riveted  tightly 
between  them,  and,  likewise,  two  grouj)S  of  three  towers  each  are 
riveted  together.  In  this  way  the  stresses  arising  from  the  braking  of 
trains  are  reduced.  The  columns  of  the  three  smallest  towers  at  each 
end  of  the  structure  are  furnished  with  sliding  plates,  while  the  others 
are  provided  with  nests  of  friction  rollers. 

The  fixed  ends  of  the  tower  legs  are  i^laced  on  the  north  side  of  the 
viaduct,  as  the  wind  blows  chiefly  from  that  direction. 

The  spans,  Fig.  3,  are  plate-girder  deck-spans,  9  ft.  on  centers,  with 
the  tower  spans  riveted  between  the  headers.  The  depth  of  the  tower 
spans  is  4  ft.  6  ins.,  and  the  length  38  ft.  6  ins.  on  centers,  and  for  the 
intermediate  spans  the  depth  is  6  ft.  6  ins.  and  the  length  61  ft.  on 
centers.     The  chords  of  the  stringers  are  made  up  of  two  6  x  6-in. 
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angles  and  one  coverplate  14  ins.  wide,  which  runs  the  full  length, 
both  toj}  and  bottom,  of  all  stringers.  The  spans  are  provided  with 
stiff  top  and  vertical  bracings,  but  bottom  bracings  are  omitted. 
Other  dimensions  and  sizes,  together  with  the  principal  details,  are 
shown  by  the  illustrations,  so  that  it  will  not  be  necessary  to  refer  to 
them. 

The  maximum  shearing  force  in  the  webs  of  the  plate  girders  is 
4  000  lbs.  per  square  inch  cross-section;  the  maximum  flange  stress 
in  the  intermediate  girders  equals  12  000  lbs.  per  square  inch,  and  that 
of  the  tower  girders  11  600  lbs.  The  maximum  stress  in  the  towers 
from  the  supposed  combinations  of  loading  does  not  exceed  14  000  lbs. 
per  square  inch,  while  the  elastic  limit  of  the  steel  used  is  between 
33  000  and  35  000  lbs. 

Under  the  assumed  loadings  the  anchor  bolts  are  never  called  into 
action.  The  shipping  weight  of  the  deck  spans  complete  is  638  tons 
and  that  of  the  towers  2  715  tons,  making  the  total  weight  of  the  viaduct 
3  353  tons.  The  structure  was  jDut  into  service  about  the  middle  of 
September,  1900. 

Erection. 

The  work  of  erecting  the  viaduct  has  been  carried  on  simultane- 
ously from  each  end  by  two  travelers.  These  carried  the  hoisting 
machinery  and  sjoanned  a  clear  space  of  160  ft.,  having  an  old  tower  in 
their  middle.  In  this  position  the  old  tower  has  been  taken  apart,  its 
material  hoisted  up  and  loaded  on  cars  to  be  run  out  to  the  shore  end 
of  the  structure,  whereupon  a  new  tower  could  be  assembled.  The 
work  of  removing  the  old  viaduct  and  erecting  the  new  one  consumed 
four  months,  with  a  force  of  about  120  men  at  10  hours  a  day. 

Specifications. 

The  viaduct  was  built  under  the  regular  Erie  Railroad  specifica- 
tions for  bridges,  with  certain  modifications  as  to  allowable  stresses, 
as  follows :  Unit  stresses  for  live  and  dead  loads  were  increased  25^, 
and  in  the  flanges  of  the  girders  the  whole  cross-section  was  consid- 
ered as  available,  but  the  webs  of  girders  are  spliced  for  flange  stress, 
-although  not  considered  in  flange  section. 

Where  combinations  of  wind  stresses — bending  and  dii-ect — with 
dead-load  stresses,  or  combinations  of  all   the   above  with    live-load 
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stresses,  or  combinations  of  dead-load  stresses  -with  live-load  stresses, 
and  traction  stresses  from  the  live  load  exist,  the  stresses  were  not 
allowed  to  exceed  the  foregoing  by  more  than  50  per  cent. 

The  wind  jaressure  for  the  loaded  structure  was  considered  to  be 
100  lbs.  per  vertical  foot  of  bent  jalus  30  lbs.  per  square  foot  on  floor 
and  train.  That  for  the  light  structure  was  considered  to  be  160  lbs. 
per  vertical  foot  of  bent  plus  50  lbs.  per  square  foot  on  floor. 

Method  of  CAiiCtTiATiNG. 

There  is  no  group  of  stresses  which  calls  for  any  special  mention, 
except  that  which  is  due  to  the  wind  forces,  as  these  latter  are  resisted 
by  bending  as  well  as  by  direct  stresses,  and  for  this  reason  this  group 
of  stresses  alone  will  be  investigated. 

As  far  as  known,  the  stresses  in  frames  of  the  kind  under  considera- 
tion have  never  before  been  analytically  discussed,  and  it  may  be  noted 
that,  in  order  to  effect  a  solution,  the  problem  can  be  approached  from 
different  points  of  view.  The  writer  preferred  a  modern  analytical 
method,  proceeding  from  the  principle  of  least  work,  but,  before  ex- 
plaining the  method  of  application  of  this  principle,  some  general 
remarks  in  regard  to  these  tower  bents  will  be  given. 

In  computing  the  stresses  in  a  bent  it  is  customary  to  proceed  from 
the  supposition  that  it  acts  like  a  cantilever,  fixed  at  the  bottom  and 
otherwise  free  to  move;  but,  while  the  influence  of  a  force  that  acts  on 
a  bent  Avith  articulated  joints  is  confined  to  a  field  extending  from  the 
point  of  application  of  the  force  to  the  bottom  of  the  bent,  a  force  that 
acts  on  a  bent  with  fixed  joints,  no  matter  where  its  point  of  ajiplica- 
tion,  exercises  an  influence  over  the  entire  frame.  A  bent  of  only  one 
story,  fixed  at  the  bottom  and  with  fixed  joints,  will  be  considered  first. 

Sach  a  frame  partakes  of  the  nature  of  a  hingeless  arch,  and  if 
quite  a  general  case  of  loading  be  assumed,  then  this  frame,  like  the 
hingeless  arch,  is  threefold  statically  indeterminate;  that  is  to  say,  the 
values  of  three  unknown  quantities  must  first  be  found  before  the 
stresses  can  be  computed.  For  this  supposed  condition  of  loading 
none  of  the  points  of  contraflexure  is  at  the  center  of  the  diflerent 
members,  and  those  of  the  columns  are  besides  in  difl'erent  horizontal 
planes.  But  this  state  of  things  is  changed,  if  we  have  to  deal  with 
special  loadings,  as,  for  instance,  the  wind  forces,  which  are  siipposed 
to  act  as  concentrated  loads  at  the  j^anel  points  and  in  horizontal 
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planes.  In  this  case  the  frame  becomes  singly  statically  indeterminate. 
The  bending  moments  of  the  columns  are  alike,  and  the  points  of 
contraflexiire  are  on  the  same  level,  but  not  in  the  middle  of  these 
members,  which  points  to  the  fact  that  the 
direct  stress  in  the  header  equals  half  of 
the  exterior  force,  and  with  the  point  of 
contraflexure  at  the  center  of  the  header. 

In  order  to  illustrate  the  foregoing 
statements  we  pass  a  cvit  a  a  through  the 
center  of  the  bent,  as  indicated  in  Fig.  4, 
and  apply  at  this  point  the  unknown 
vertical  force  X,  Fig.  5,  acting  upward 
in  the  left  fragment  and  downward 
in    the    right    fragment    of     the     frame. 


Fig.  4. 


We  also  apply  —  to  each  fragment,  but  a  moment  need  not  be  applied 

at  the  center,  because  no  moment  can  pass  that  point.  The  problem 
is  now  to  determine  the  value  of  the  unknown  X.  In  like  manner,  in  a 
two-story  bent  the  direct  stress  in  the  header  and  in  the  intermediate 
strut  is  equal  to  half  of  their  exterior  concentrations,  and  their  points 
of  contraflexure  are  in  the  middle, 
while  the  bending  moments  of 
corresponding  columns  are  alike 
and  their  points  of  contraflexure 
are  not  in  the  middle.  The  num- 
ber of  xinknowns  in  a  two-story 
bent  is  therefore  2,  and  in  a  bent 
ot.n  stories  the  number  is  ti. 

The  problem  can  also  be  stated 
to  consist  of  finding  the  locations 
of  the  points  of  contraflexure, 
because,  if  these  locations  were  '^'  ' 

known,  it  would  only  be  necessary  to  resolve  the  resultant  of  the 
exterior  forces  into  the  reactions,  which  must  pass  through  the  points 
of  contraflexure,  and,  with  the  reactions  known,  the  direct  stress  in 
any  member  and  the  bending  moment  in  any  point  of  the  frame  is 
easily  computed. 

Aside  from  the  margin  of  safety,  provided  for  by  the  specifications, 
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jndgiug  solely  from  his  jDrevious  experience  with  frames  of  a  similar 
nature,  the  writer  felt  satisfied  that  this  graphical  method  would  answer 
all  practical  purposes.  In  fact,  he  planned  it  for  practical  use,  and  only 
his  desire  to  know  how  much  the  results  thtis  obtained  woiild  vary  from 
the  analytical  results  prompted  him  to  develop  an  analytical  treatment. 

The  writer  made  the  calculations  for  a  wind  pressure  of  30  lbs.  per 
square  foot  on  girders  and  train  and  100  lbs.  per  vertical  foot  of  bent, 
and  for  five  different  bents,  varying  in  height  by  a  regular  story  of  62 
ft.,  excepting  the  top  story,  Avhich  has  a  height  of  about  31  ft.,  and 
the  results  thus  obtained  answer  perfectly  well  for  the  bents  in  the 
entire  structure.  Considering  the  magnitude  of  the  stresses  thus  com- 
puted, an  approximate  determination  of  the  effects  of  a  wind  force  of 
50  lbs.  per  square  foot  on  the  girders  and  160  lbs.  per  vertical  foot  of 
bent  appeared  to  be  justifiable.  After  these  few  remarks  the  ajiplica- 
tion  of  the  principle  of  least  work  to  the  bents  will  now  be  shown,  but,  in 
doing  so,  the  reader's  familiarity  with  this  principle  must  be  assumed, 
as  a  demonstration  of  its  truth  is  beyond  the  scope  of  this  paper. 

The  bents  are  considered  as  being  under  no  initial  stress.  Neglect 
the  small  alterations  in  the  lengths  of  the  members  and  consider 
bending  alone.  The  principle  of  least  work  requires  that  the  work  of 
deformation  shall  be  a  minimum,  which  is  expressed  by 

In  this  term  Tr=:work  of  deformation,  J/=  moment  of  the  exterior 
forces  at  any  point,  E=  modulus  of  elasticity,  supposed  to  be  constant 
throughout  the  frame,  and  /=  constant  moment  of  inertia  of  a  member 
under  consideration.  Now,  if  the  work  of  deformation  be  a  minimum, 
its  i^artial  derivatives,  taken  successively  with  respect  to  the  unknowns 

Xj,  X., X,,,  treated  as  independent  of  each  other,  must  be  put  each 

equal  to  zero.     The  equations  of  condition  are  then  as  follows : 

1 


SX,  ~J  EI 

S  X,  J  EI 


5Xi~  TX^  ~J   EI    8X,'^''^^ 
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8  X,_  6"X  J  EI  8  X^      ■*■  ~" 
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Fig.  1.— Kinzua  Viaduct.— Central  View  Through  Top  Stc 


Fig.  2.— Kinzua  Viaduct.— Central  View  Through  an  Intermediate  Story. 
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The  equations  "A"  are  directly  applicable  to  the  bents,  but  it 
must  be  noted  that  the  integrations  have  to  be  extended  over  the  whole 
frame,  which  is  equivalent  to  saying  that  the  integrals,  after  they 
have  been  comj)uted  with  respect  to  the  individual  members  of  the 
frame,  must  all  be  added  together.  The  reader  is  now  referred  to  the 
stress  sheet,  Fig.  9,  and  to  the  table  on  pages  34  and  35,  which  the 
writer  prepared  for  the  sake  of  convenience.  The  sti*ess  sheets  and 
the  table  contain  all  the  data  necessary  for  the  computations,  and  by 
the  use  of  the  table  the  diflferent  sets  of  the  equations  of  condition 
can  readily  be  written  down  at  once ;  but  it  should  be  remarked  that 
each  computed  integral,  as  given  in  the  table,  must  be  divided  by  its 
corresponding  moment  of  inertia  and  also  by  £J,  the  modulus  of 
elasticity.  E,  being  a  constant,  drops  out  of  the  equations,  if  these 
are  all  multiplied  by  £J. 

Eeturning  to  the  one-story  bent  and  referring  to  the  stress  sheets, 
the  method  of  computation  is  now  as  follows: 

Header  : 

7lf  V  ^^^ 

h  =  4.765 

o 
Column : 

a  =  31.16 

—  26760.27  +  1758.54  X^ 
The  equation  of  condition  becomes  now: 

36.06  X,  _  26760.27—1758.54X5  _ 
107500  10750  ~ 

and  its  solution  gives:  X-  =  15.2  tons.     Likewise,  the  two  equations  of 
condition  for  a  two-story  bent  are  found  from  the  table,  viz. : 

^  0. 


■  86760.27  -f  1758.54  X.,  -  451532.81  -\-  14735.11  [X5  -f  X4]       36.06  X, 
10750  +    1075U0 


—  451588.81  +  14735.11  [X^  +  X4]       329.35  X^  _ 
10750  +      5511 

The  values  of  the  unknowns  are:  X5  =  19.27  tons  and  X^  =  10.9  tons. 
After  the  unknowns  have  been  determined,  it  is  then  easy  to  calcu- 
late the  bending  moments  at  every  point  of  the  frame. 


32 


GRIMM   ON   THE    KINZUA   VIADUCT. 


The  direct  stresses  in  the  columns  =  ^  sin.  a  2  P  ^  cos.  a  2  X, 
and  they  are  tension  on  the  windward  and  compression  on  the  leeward 
side  of  the  bent,  a  being  fhe  angle  formed  by  the  axis  of  the  tower  leg 
and  the  vertical.  The  shear  on  the  columns  is  principally  and  effect- 
ively resisted  by  the  lacing  angles. 


Top  Laterals. 

■A 
Assumed  Dead  Load=120(Fper  lin.  foot  of  span. 

Fig.  G. 


stress  155  000 
24  700 
81650 
Win.     ,.         11  6.50 
Each  Flange.         , 
2L36"i6"iK6 
l-14'i  %  fullllength 
15.37''Groas.    13.76""net 
TTeb  54'i  %". 


Top  Laterals. 
Assumed  Dead  Load=UOO  per  1 

Fig.  7. 

Bent  of  1  story X5  =  15.2. 

"      "  3  stories JT,  =  19.27;  X^  = 

"      "3       "      X5  =  19.41;  X4  = 

"      "4       "      jr^  =  19.43;  X4  = 

'•      "5       "      X.  =  19.44;  X,  = 


Max.  Stress  243  000 
Min.  ••  50  000 
Mai.  Shear  116350 
Min.  "  21  360 
Each  Flange 

2l86"xC"x5| 

1-14,1  'Xglan  length 

22.09'' Gross.  19.71=061 

■Web  78  I  %• 


10.9. 

11.64;  X3  =  7.77. 

11.67;  X3  =  8.10;  -r„  =  5.86. 

11.68;  -T,  =  8.14;  Jr„  =  6.2;  X. 


In  the  manner  just  outlined  the  computations  for  the  five  different 
bents  have  been  made,  and,  although  it  was  somewhat  tedious,  it  in  no 
wise  proved  to  be  a  hardship.  The  structure  of  the  equations  of  con- 
dition is  such  that  those  for  a  four  and  five-story  bent  have  been 
effected  by  ordinary  means,  instead  of  having  recourse  to  the  theory  of 
determinants. 
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The  stress  sheets  show  also  the  direct  stresses  and  bending 
moments  of  the  highest  bent  from  the  wind  forces  found  by  graphic 
statics  as  explained  before,  under  the  assumption  that  the  points  of 
contraflexure,  through  which  the  reactions  must  pass,  are  in  the 
middle  of  each  member  of  the  bent. 

The  forces  are  all  given  in  tons  and  the  moments  in  foot-tons.  The 
algebraic  sum  of  the  moments  around  a  i^anel  point  must  equal  zero. 
Eoughly  si)eaking,  the  moments  of  the  struts  are  about  twice  as  great 
as  those  of  the  columns. 

The  author  made  a  special  investigation,  which  brought  out  the 
fact  that  the  moments  of  inertia  of  a  group  of  members  may  be 
changed  as  much  as  lOOj^  without  materially  altering  the  final  results. 
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DISCUSSION. 


George  S.  Morison,  Past-President,  Am.  Soc.  C.  E.  (by  letter). — 
The  structure  by  whichtheoldKinzua  Viaduct  has  been  replaced,  while 
containing  much  of  the  modern  practice  of  detail  connections  and 
riveting,  differs  from  other  viaducts  in  two  radical  features.  The 
first  of  these  lies  in  the  fact  that  the  tops  of  the  two  battered  posts  of 
each  bent  are  brought  so  near  together,  and  are  so  rigidly  connected, 
that  the  bent  instead  of  being  a  quadrilateral  is  treated  as  an  isosceles 
triangle.  The  second  peculiarity  is  that  all  transverse  diagonal 
bracing  is  omitted,  the  posts  being  stiffened  only  by  their  own 
unusually  large  transverse  dimensions,  assisted  by  the  cross-struts 
and  the  rigidity  of  the  connections  between  those  cross-struts  and  the 
posts. 

The  first  of  these  features  is  to  be  commended.  The  ideal  trestle 
bent  would  be  an  isosceles  triangle  carrying  a  suiDerstructure  so 
narrow  that  the  weight  is  all  taken  at  a  single  point  on  top.  While 
this  cannot  be  done,  the  design  of  the  new  Kinzua  Viaduct  approaches 
suflficiently  near  to  it  for  practical  purposes.  With  bents  of  such 
moderate  height  that  intermediate  stiffening  of  the  posts  becomes 
unnecessary,  this  form  of  construction  seems  all  that  can  be  desired. 
There  are,  however,  two  very  important  limitations:  The  first  of  these 
is  in  height,  new  complications  being  introduced  whenever  transverse 
stiffeners  are  required;  and  the  second  is  that  it  is  only  applicable  to 
single-track  structures,  the  eccentric  loading  of  a  double-track  bridge 
prodiicing  irregular  conditions  at  the  top  of  the  structure. 

The  second  peculiar  feature  is  of  a  more  radical  type.  In  the 
usual  design  each  bent  becomes  a  cantilever  truss,  standing  vertically 
instead  of  horizontally;  anchored,  by  weight  or  otherwise,  to  the 
masonry  foundations,  resisting  a  horizontal  instead  of  a  vertical  load, 
and  with  its  stiffness  determined  by  the  imit  strains  in  the  two  chords 
and  the  distance  between  those  chords.  In  the  Kinzua  design  the 
cantilever  form  is  retained,  but  the  cantilever,  instead  of  resisting 
horizontal  forces  for  its  whole  length,  resists  them  only  at  the  top. 
The  struts  at  the  intermediate  points  are  simply  stiffeners,  their  only 
function  being  to  control  the  curves  of  flexure  of  the  posts.  This 
flexure  is  naturally  due  to  two  causes:  The  first  is  wind;  the  second 
is  the  usual  perversity  of  all  compression  members  in  buckling  under 
loads,  which  perversity  increases  with  the  length  of  the  member. 
Were  the  transverse  struts  connected  to  the  posts  by  pins,  their  effect 
as  stiffeners  would  be  comparatively  small,  as  the  transverse  deflec- 
tions of  the  two  posts  would  be  represented  by  approximately  parallel 
curves,  the  only  eft'ect  of  the  stiffeners  being  to  maintain  the  paral- 
lelism of  these  curves.     Such  struts  would  undoubtedly  increase  the 
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stiflEaess  of  the  posts,  considered  simply  as  compression  members,  but  Mr.  Morison. 
would  add  little  to  their  ability  to  resist  wind.  In  this  case,  how- 
ever, the  struts  are  rigidly  attached  to  the  posts,  so  that  the  angle 
made  by  the  strut  and  the  post  must  always  remain  constant.  This 
introduces  new  conditions.  If  the  struts  were  absolutely  stiff  (an 
impossible  sui^position)  the  direction  of  the  posts  at  their  points  of 
intersection  would  always  remain  unchanged,  but  the  posts  of  the 
lower  part  of  each  panel  would  bend  from  the  wind  in  a  curve  the  center 
of  which  is  on  the  leeward  side,  recovering  their  direction  in  the  upper 
part  of  each  panel  by  a  curve  the  center  of  which  is  on  the  windward 
side.  As  a  moderate  amount  of  flexure  takes  place  also  in  the  transverse 
struts,  the  actual  bending  in  the  lower  part  of  the  jianel  exceeds  the 
recovery  in  the  upper  part  of  the  panel.  The  result,  on  either  sup- 
position, is  a  series  of  cumulative  deflections.  The  top  of  the  lowest 
panel  is  deflected  by  an  amount  determined  by  the  wind  pressure  and 
the  stiffness  of  the  posts.  The  second  panel  has  its  own  similar  deflec- 
tion, but,  as  the  base  of  the  second  panel  is  the  top  of  the  lower  panel, 
the  deflection  of  the  top  of  the  second  panel  is  the  sum  of  the  two 
deflections;  and  so  on  to  the  top  of  the  tower.  The  principle  on 
which  this  structure  appears  to  have  been  designed  is  that  these 
various  bendings  of  the  posts  shall  produce  no  strains  beyond  safe 
limits  in  the  extreme  fibers  of  those  posts.  It  involves  calculations 
of  a  complicated  and  abstruse  character,  but  it  is  possible  to  design 
a  structure  in  this  way  which  is  perfectly  secure. 

The  frames  on  many  tall  ofiice  buildings  have  been  designed  on  this 
principle,  though  in  many  instances  the  calculations  have  been  of  the 
most  crude  and  careless  kind.  The  portal  of  a  through  bridge  is 
really  a  construction  of  the  same  order.  This  principle,  however,  has 
generally  been  used  only  in  those  places  where  there  were  serious 
objections  to  transverse  diagonal  bracing.  The  general  practice  indi- 
cates that  there  are  good  reasons  why  engineers  have  always  i^referred 
diagonal  bracing  when  there  were  opportunities  for  putting  it  in. 
These  I'easons  are  of  two  kinds:  First,  with  diagonal  bracing  and  a 
base  of  sufficient  width  to  prevent  tension  in  anchorages,  there  is  never 
any  reversal  of  strains  in  the  posts,  and,  furthermore,  the  strains 
caused  by  wind  alone  when  distributed  over  the  whole  cross-section  of 
the  post  produce  very  small  unit  stresses  and  very  slight  changes  in 
lengths  of  jjosts.  In  the  present  design  reversals  of  strains  are  likely 
to  occur  in  the  extreme  fibers  of  almost  every  part  of  each  post,  and 
these  involve  an  appreciable  change  in  the  form  of  the  post.  The 
second  reason  is  that  the  stift'ness  of  a  beam  or  truss  is  in  direct  pro- 
poi'tion  to  its  depth,  and,  with  the  oi^poi-tunity  of  giving  a  trestle  bent 
a  stiffness  based  on  the  whole  width  of  its  base,  it  does  not  seem  right 
to  accept  a  stiffness  based  only  on  the  width  of  the  post. 

Bridge  specifications,  many  of  which  are  drawn  with  great  care. 
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Mr.  Morison.  generally  have  the  defect  of  specifying  strength  and  not  providing  for 
stiffness.  Under  such  specifications  two  structures  can  be  accepted 
as  equally  good,  thoiigh,  under  a  load,  one  of  them  will  have  twice  the 
distortion  that  the  other  will  have.  For  immediate  safety,  strength  is 
all  that  is  needed;  for  long  life  of  structure,  stiffness  is  at  least  equally 
important.  This  objection  may  be  raised  to  some  sj^ecial  forms  of 
trusses,  favored  because  of  their  economy  of  material,  in  which  much 
greater  variations  occur  in  the  strains  of  individual  members  than  in 
differently  designed  trusses  containing  a  little  more  metal.  As  com- 
pared with  a  viaduct  of  the  usual  design,  everything  would  seem  to 
indicate  that  the  transverse  deflections  under  strain,  and  even  the  dis- 
tortion of  the  posts  under  compression,  would  be  large  in  the  new 
Kinzua  Viaduct.  If  this  be  so,  it  is  not  probable  that  this  design  will 
be  repeated.  The  objection  to  diagonal  rods  in  the  panels  of  such  a 
viaduct,  with  pin  and  turn-buckle  connections,  is  perhaps  more  theo- 
retical than  real,  and,  in  a  structure  with  the  rigid  and  excellent  details 
of  the  one  described,  they  certainly  could  do  no  harm.  It  would  be 
an  interesting  thing  to  put  such  rods  in  one  of  the  tall  towers  of  this 
viaduct,  and  then  comi^are  the  stiffness  of  this  tower  and  the  adjoining 
tower  whenever  an  extraordinary  storm  passes  through  the  valley. 
Mr.  Buck.  E.  S.  BtJCK,  M.  Am.  Soc.  C.  E. — The  Kinzua  Viaduct  is  one  of  the 
best  known  and  most  unique  railroad  bridges  in  America,  and  its 
reconstruction  will  doubtless  command  general  attention,  both  at  home 
and  abroad.  This  paper  and  the  articles  appearing  in  the  leading  engi- 
neering journals,  while  not  furnishing  data  adequate  to  form  a  conclu- 
sive verdict  as  to  the  merits  or  demerits  of  the  design,  furnish 
sufficient  ground  for  discussion  of  certain  of  its  salient  features.  It  is 
quite  possible  that  a  more  thorough  treatment  of  the  subject  by  those 
fuUy  acquainted  with  the  design  may  disarm  some  of  the  following 
adverse  criticisms;  but  the  speaker  believes  that  the  showing  on  which 
he  is  comj)elled  to  base  his  discussion  fuUy  justifies  its  character. 

The  author  does  not,  in  the  speaker's  opinion,  furnish  such  full 
explanation  of  his  methods  of  calculation,  nor  as  many  details,  as  the 
radical  character  of  the  design  demands. 

The  paper  leaves  so  much  to  the  ingenuity  and  imagination  of  the 
reader  that  it  is  as  difficult  to  reach  a  full  understanding  of  his 
methods  and  deductions  as  it  is  to  find  full  justification  for  the  design. 
The  calculations  are  involved,  and  appear  to  be  contradictory.  The 
reader  is  subjected  to  much  unnecessary  trouble  by  the  absence  of  a 
clear  statement  of  the  meaning  of  terms  in  the  equations,  limits  of 
integration,  and  the  steps  by  which  the  several  expressions  on  pages 
34  and  35  are  reached. 

The  sjoeaker  has  been  unable,  despite  persistent  eftbrt  and  some  able 
outside  assistance,  to  follow  the  calculations  to  a  finish,  but  some 
points  stand  out  in  a  measure  independent  of  the  statement  of  the 
general  scheme,  and  can  be  judged  as  correct  or  otherwise. 
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On  page  29  api^ears  the  statement: 

"  The  problem  can  also  be  stated  to  consist  of  finding  the  locations 
of  the  points  of  contraflexure,  becaiise,  if  these  locations  were  known, 
it  would  only  be  necessary  to  resolve  the  resultant,"  etc. 

This  refers  to  the  analytical  treatment,  but,  beyond  this  statement, 
there  is  nothing  discernible  in  the  text,  table  of  equations  or  stress 
diagrams,  to  indicate  that  any  effort  has  been  made  by  the  author  to 
find  the  true  i:)oincs  of  contraflexure  or  to  place  them  anywhere  else 
than  arbitrarily  at  the  centers  of  the  members. 

Referring  to  the  graphical  treatment  on  the  stress  diagram.  Fig.  8, 
is  the  note:  "The  computation  of  wind  stresses  assumes  the  jioint 
of  contraflexure  at  the  middle  of  the  column  sections,  portals  and 
headers." 

These  two  quoted  statements  conflict,  and  should  be  further 
explained,  for,  until  they  are,  there  is  no  logical  sequence  in  what 
follows.  It  is  quite  possible  that  the  points  of  contraflexure  are  not 
very  far  from  the  centers  of  the  members  in  all  cases  except  in  the 
case  of  the  bottom  sections  of  the  columns.  Here,  the  assumption  is 
materially  erroneous,  and  the  effect  on  the  moments  very  considerable. 

In  this  case,  the  author  not  only  assumes  the  column  to  be  abso- 
lutely fixed  at  its  foot,  but  also  apparently  ignores  the  bottom  strut  as 
resisting  bending  at  this  point.  As  a  matter  of  fact,  the  fixity  of  the 
column  at  its  foot  is  almost  entirely  dependent  upon  this  strut. 

The  only  other  features  that  tend  to  fix  it  are  the  two  li-in. 
anchor  bolts  very  near  the  center  of  the  base,  and  the  direct  pressure 
on  the  column  acting  on  its  square  end. 

The  anchor  bolts,  intended  to  resist  only  12  OOL)  lbs.  direct  tension, 
can  do  but  little  to  resist  bending  in  the  column.  With  rollers  under 
the  leeward  column  and  with  direct  pressure  removed  by  up-lift  on 
the  windward  column,  due  to  the  assumed  wind  load  on  the  unloaded 
structure,  the  fixity  of  the  columns  due  to  direct  weight  is  very  un- 
certain. 

In  the  opinion  of  the  speaker,  the  conditions  do  not  justify  the 
assumption  of  more  fixity  at  the  bottom  of  the  columns  than  that 
furnished  by  the  bottom  strut.  The  correct  location  of  the  point  of 
contraflexure  of  the  bottom  section  is  not  far  above  the  foot  of  the 
column,  instead  of  at  the  center.  The  result  of  this  is  to  greatly 
increase  the  bending  at  the  level  of  Strut  1  over  what  is  shown  in  the 
author's  results,  and  also  to  increase  the  up-lift  on  the  windward 
column  enough  to  make  it  exceed  the  dead-load  stress,  with  the 
assumed  wind  load  on  the  unloaded  structure. 

The  speaker  would  like  to  know  if  the  author  means,  by  the  closing 
paragraph  of  his  paper,  that  if  the  moments  of  inertia  of  a  group  of 
members  were  doubled  it  would  not  materially  increase  the  stiff'ness  of 
the  bent?    Also,  how  many  members  he  considers  as  "  a  group"? 
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The  failure  of  the  author  to  give  the  essential  details  of  connec- 
tions bearing  on  the  peculiar  features  of  this  design  renders  it  neces- 
sary, in  order  to  even  approach  an  adequate  understanding  of  the 
subject,  to  have  recourse  to  the  articles  on  the  same  subject  in  the 
technical  journals.*  These  articles  ajjpear  to  be  based  on  data  from 
an  authentic  source,  and  to  bear  the  stamp  of  official  sanction.  It  is 
therefore  deemed  proper  to  refer  to  these  articles  for  information 
essential  to  an  adequate  discussion  of  the  subject,  but  lacking' in  the 
paper.  It  is  to  be  hoped  that  the  author  will  furnish  all  these  details, 
in  order  to  render  the  j^aper  complete  within  itself  and  to  correct  any 
error  which  may  arise  from  having  to  go  outside  of  the  paper  for 
information. 

Assuming  that  the  author's  methods  of  calculation  are  reasonably 
approximate — which  does  not  seem  warranted  until  they  are  rendered 
logical  and  free  from  obscurity — there  are  still,  in  the  opinion  of  the 
speaker,  faults  in  the  design.  He  believes  it  is  a  mistake  to  reject  the 
time-honored  diagonal  bracing  in  a  structure  of  such  proportions,  and 
to  substitute  a  form  of  bracing  which,  even  when  most  carefully  and 
generously  detailed,  could  hardly  be  made  both  sure  and  economicaL 
In  all  bridges,  outside  of  a  susiDension  bridge,  rigidity  is  one  of  the 
prime  objects  to  be  attained,  and  especially  in  the  case  of  railroad 
bridges.  Substituting  for  direct  stresses  bending  in  members,  being^ 
themselves  certainly  not  possessed  of  a  high  degree  of  rigidity,  is 
depriving  the  concrete  structure  of  rigidity  to  an  extent  that  seems 
questionable. 

The  height  of  this  viaduct,  at  its  highest  point,  is  285  ft.  fronr 
masonry  to  base  of  rail.  Each  tower  is  independent,  and  can  receive 
its  maximum  wind  stress  with  wind  over  only  about  150  ft.  longi- 
tudinally of  the  structure.  Within  this  narrow  limit  wind  strikes  in 
gusts  and  with  considerable  impact.  In  a  tower  so  high,  where  dij'jj' 
of  the  wind  pressure  is  applied  at  the  top  when  loaded,  and  34%  w^hen 
unloaded,  where  the  dead  load  is  not  sufficient  to  prevent  up-lift  on 
the  windward  column  with  assumed  wind  on  the  unloaded  structure, 
the  dynamic  effect  of  vibration  is  a  consideration  that  should  be  pro- 
vided for.  In  a  design  of  this  kind,  the  amount  of  lateral  deflection  of 
the  towers  under  wind  load  should  be  carefully  ascertained,  and, 
although  the  speaker  has  made  no  calculation  for  this  purpose,  he  deems 
it  safe  to  venture  the  statement  that  it  is  much  greater  in  this  design 
than  in  the  case  where  the  ordinary  form  of  bracing  is  used. 

It  would  be  a  matter  of  great  interest  to  know,  from  transit  observa- 
tions, just  what  the  present  structure  deflects  laterally  under  high 
wind. 

The  detailing  of  the  lateral  strut  connections  with  the  columns 
seems  to  the  speaker  hardly  in  keeping  with  the  heroic  and  uncertain 

*  Railroad  Gazette,  Nov.  30th,  1900,  and  The  Engineering  Record,  Dec.  1st,  1900. 
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service  tliev  have  to  iserform.     The  use  of  clip  angles  to  reinforce  the  Mr.  Buck, 
attachment  of  the  strut  chords  to  the  columns,  applied  so  as  to  be 
almost  wholly  ineifectual,  is  not  warranted  by  what  appears  to  be  the 
only  consideration  for  so  doing,  namely,  the  saving  of  some  weight  in 
the  gusset  plates  at  these  jjoints. 

The  light  character  of  the  knee  braces,  and  their  method  of  attach- 
ment to  the  struts,  seems  to  indicate  that  their  function  is  ornamental 
rather  than  useful;  yet,  with  sufficient  metal  and  adeqiiate  attach- 
ment to  the  columns  and  struts,  they  could  be  made  to  add  very  ma- 
terially to  the  strength  and  rigidity  of  the  structure. 

A  study  of  these  details  goes  far  to  explain  the  material  saving  in 
weight  with  which  the  author  credits  this  .design,  for  they  bear  evi- 
dence of  scaling  down  the  metal  to  an  extent  that  can  hardly  be  gen- 
erally endorsed. 

There  is  another  feature  of  this  design  which,  independent  of  the 
character  of  the  lateral  bracing,  seems  to  lack  due  strength,  namely, 
the  l|-in.  anchor  bolts  which,  having  served  in  the  old  structure,  now 
serve  in  the  new.  In  the  old  structure  it  is  understood  that  there  were 
no  rollers  under  either  column,  temperature  movements  being  taken 
care  of  by  slotting  transversely  the  anchor  bolt  holes  in  the  column 
shoes,  thus  permitting  the  shoes  to  slide  on  top  of  the  piers.  The 
bottom  strut  was  probably  bolted  fast  to  the  center  jDier.  With  the 
bridge  unloaded  there  was  a  wind  pressure  of  about  45  000  lbs.  on  each 
tower,  or  22  500  lbs.  on  each  bent,  under  the  assumed  wind  loads  on 
the  unloaded  structure.  To  resist  this  shear  at  the  top  of  the  piers, 
there  being  up-lift  on  the  windward  column,  there  was  friction  under 
the  leeward  shoe,  the  attachment  at  the  top  of  the  center  pier  and  the 
shear  of  probably  one  pair  of  anchor  bolts  in  the  column  piers.  These 
connections,  though  somewhat  uncertain  because  of  the  slotted  holes, 
were  doubtless  adequate,  especially  as  the  friction  under  the  leeward 
shoe  alone  was  perhaps  equal  to  the  wind  shear. 

In  the  case  of  the  new  structure,  the  service  demanded  of  these 
anchor  bolts  is  much  more  severe.  The  shear  is  55  600  lbs.  to  the 
bent,  2^  times  that  in  the  old  bridge.  Rollers  are  placed  under  the 
column  to  leeward  of  the  i^revailing  heavy  gales,  and  there  is  therefore 
l^ractically  no  frictional  resistance  at  the  foot  of  this  column,  and,  the 
anchor  bolt  holes  being  slotted  6  ins.  on  this  shoe,  the  bolts  can  take 
no  shear  from  the  shoe  under  normal  conditions.  It  is  also  reasonable 
to  assume  that  the  anchor  bolt  holes  in  the  bottom  strut  at  the  center 
pier  were  slotted.  With  the  assumed  wind  load  on  the  unloaded 
structure  there  is,  as  before  stated,  up-lift  on  the  windward  column. 
Therefore,  with  practically  no  friction  under  the  shoe  of  this  column 
the  whole  55  600  lbs.  of  the  wind  shear  has  to  be  taken  up  by  the  two 
1^-in.  anchor  bolts  in  the  windward  pier.  This  seems  to  be  more  than 
should  be  exacted  of  such  bolts,  and  it  is  difficult  to  understand  how 
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Mr.  Buck,  the  use  of  the  old  bolts,  without  reinforcement,  could  be  justified 
where  the  wind  shear  was  so  greatly  increased  and  the  means  of 
resisting  it  so  materially  reduced.  In  short,  the  factor  of  safety  of  the 
anchorage  of  bents  to  piers  is  reduced  at  least  2|  times,  and,  in  addi- 
tion, by  the  specific  amount  of  friction  lost  under  the  leeward  shoe. 

The  speaker  fails  to  see  where  any  advantage  is  gained  by  placing 
the  rollers  on  the  side  away  from  the  direction  of  i^revailing  heavy 
winds,  as  the  capacity  of  the  towers  to  resist  the  shear  due  to  such 
winds  is  thereby  so  greatly  reduced. 

The  bolts  in  the  movable  shoe  should  be  just  as  capable  of  resist- 
ing direct  tension  from  up-lift  as  those  in  the  fixed  shoe,  and  there 
would  be  no  loss  of  friction,  but,  in  fact,  a  gain,  when  the  fixed  shoe 
is  to  leeward. 
Mr.  MoisseifE.  L.  S.  MoissEiFF,  Assoc.  M.  Am.  Soc.  C.  E.— This  paper  offers  so 
many  novel  features  and  distinct  departures  from  the  usual  design  of 
high  viaducts  in  the  best  modern  American  practice  that  the  discus- 
sion of  its  merits  or  defects  should  prove  to  be  of  considerable  interest 
to  the  profession. 

While  designed  according  to  the  rather  conservative  specifications 
of  the  Erie  Railroad  Company,  the  design  of  the  high  towers  denotes 
a  radical  departure  from  the  type  used  heretofore,  in  omitting  the 
sway  diagonals.  The  bending  moments  caused  by  the  assumed  wind 
loads  are  intended  to  be  resisted  by  the  increased  stifi'ness  of  the 
columns  and  horizontal  struts  which  are  strengthened  by  brackets. 
Not  that  this  method  of  providing  for  wind  stresses  is  entirely 
unknown  or  untried;  it  has  been  used  very  frequently,  and  with  some 
reluctance,  for  sway  bracing  of  through  bridges,  for  wind  bracing  of 
high  steel-skeleton  structures,  and  in  all  portals.  But,  in  all  cases 
where  sway  diagonals  have  been  omitted,  this  omission  has  been  due 
to  lack  of  head  room  or  due  to  wall  space  taken  up  by  windows  and 
doors,  and  was  thus  made  compulsory  by  the  necessities  of  the  case. 

It  seems  so  much  to  be  almost  an  axiom  of  good  structural  design 
never  to  resist  by  bending  stresses  what  can  be  done  as  well  by  direct 
axial  stress,  that  the  application  of  the  "  portal  bracing"  principle  in 
a  high  viaduct,  subject  to  high  wind  pressures  and  having  no  limita- 
tions of  head  room,  is  surjjrising. 

Every  engineer  who  has  had  to  design  trusses  and  frames  of  great 
magnitude,  and  containing  long  members  which  require  bracing  and 
intermediate  siipports,  knows  the  great  amount  of  material  required 
by  these  secondary  members  and  how  rapidly  the  percentage  of  mate- 
rial required  to  attain  the  jaractical  design  of  the  truss  increases  in 
comparison  with  the  stress  volume.  Every  attempt  to  reduce  the  cost 
of  these  secondary  members  is  a  step  in  the  right  direction ;  but  it 
seems  doubtfiil  whether  the  saving  in  material  claimed  by  the  author 
for  his  design  has  been  obtained  without  impairing  the  efficiency  of 
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the  structure  to  resist  lateral  forces  and  vibrations,  especially  the  Mr.  Moisseifif. 
latter. 

While  a  comparison  of  the  tower  bracing  as  designed  with  the 
usual  diagonal  bracing  of  high  trestles  and  towers  with  stiff  members 
will  certainly  show  a  saving  in  weight  for  the  portal-braced  type, 
a  comparison  of  their  relative  stiffness  will  be  greatly  in  favor 
of  the  one  with  diagonal  braces.  A  high  trestle  bent  of  the  type 
used  by  the  aiithor  is  certainly  not  stiffer  than  the  old  tie-rod 
braced  bent.  In  order  to  get  a  fair  comparison  between  the  portal- 
braced  system  and  the  system  with  diagonals,  the  former  should  be 
comi^ared  with  a  bent  braced  by  tie  rods.  The  speaker  believes 
that  the  claimed  economy  will  then  soon  vanish.  The  bending  moments 
induced  by  wind  pressures  may  be  provided  for  by  the  stiff  and  deep 
struts  just  as  well  as  by  rigid  diagonals,  but  the  vibrations  caused  by 
them  will  be  considerably  higher  than  in  diagonally  braced  towers. 
The  tower  will,  in  fact,  have  some  similarity  to  a  tuning  fork. 

The  author  deserves  credit  for  the  application  of  modern  methods 
to  the  analysis  of  the  stresses.  The  j^rinciple  of  least  work  used  by 
him  is  a  handy  and  convenient  tool  for  the  determination  of  stresses 
in  frames,  and  esjiecially  for  the  study  of  new  tyj^es  of  trusses.  The 
value  of  the  author's  analytic  treatment  would  be  greatly  enhanced  if 
the  notation  used  and  the  processes  gone  through  were  stated  more 
explicitly  and  careftilly. 

In  his  analysis  the  author  assumes  each  frame  to  be  fixed  rigidly 
at  the  bottom.  This  assumption  is  erroneous.  The  two  old  wrought- 
iron  bolts,  of  li  ios.  diameter  and  some  18  ins.  apart,  are  not  suffi- 
cient to  insure  the  necessary  degree  of  fixedness  to  the  columns. 
Besides,  the  high  bents  have  one  leg  on  roller  bearings,  which  is  cer- 
tainly not  very  conducive  to  the  rigidity  of  the  lower  column  end. 
But  this  assumption  of  fixed  ends  for  the  lower  ends  of  the  columns  is 
a  vital  and  extremely  important  factor  in  the  author's  theory.  These 
ends  are  only  in  so  far  fixed  as  the  bottom  horizontal  struts  provide 
for,  and  not  much  more. 

-  Instead  of  considering  for  a  one-story  bent,  as  the  author  does,  the 
upper  horizontal  beam  only,  the  correct  way  would  be  to  take  also  the 
lower  horizontal  strut  into  account,  and  include  its  work  of  deforma- 
tion in  the  general  formula.  The  same  idea  should  be  followed 
through  for  all  bents,  always  including  the  bottom  horizontal  strut 
as  an  essential  member. 

For  a  single- story  bent  the  problem  is  quite  simple.  In  view 
of  the  general  ajjplication  of  this  case  for  sway  bracing  and 
portals  of  bridges,  a  simple  formula  to  find  the  points  of  contra- 
flexure  of  the  columns  will  be  given  here  which  does  not  necessitate  in 
its  use  the  application  of  the  higher  calculus,  and  is  rather  handy. 

Professor  Winkler*  deduces  the  same  formula,  and  the  following  is 
*  "  Querkonstructionen  der  Eisernen  Brucken." 
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Mr.  Moisseiff.  a  simplified  deduction  thereof  by  the  princii^le  of  least  work,  as  used 
by  Mr.  Grimm. 

The  work  done  by  any  beam  subject  to  bending,  in  assuming  its 
new  position  of  equilibrium,  is  given  by 


neglecting  the  work  done  by  the  axial  force.     E  is  here  ,^ 

the  modulus  of  elasticity,  and  /  the  moment  of   inertia    -v.^   I     aMz 
of   the  beam  in  flexure.     If   the   beam   is  fixed  at  both        M      1 
ends.  Fig.  10,  and  is   of  length   l,  then  the  moment  at 
any  point  x  is 

In  order  to  find  the  work  done  by  the  beam  in  attaining  its  new 
equilibrium,  we  substitute  this  value  in  the  foregoing  work  formula: 

31-  =  M,^  +  [31.;^  —  i/,)^  7?  +  2  31,  [31.^  —  31,)^ 

2  Ji,  (3/.—  J/i)  y  1  d  .V  =  jT^  [31/  4  3i;'  +  31^  3/2] 

This  holds  true  for  any  beam  fixed  at  both  ends  by  the  moments  31,, 
31.2.     This  being  given,  the  one-story  bent  can  now  be  treated. 

Fig  11  represents  a  frame  of  height  Ji,  and 
horizontal  struts  with  fixed  Joints  subject  to  the  - 
action  of  a  horizontal  force  2  P  at  the  joint  1. 
Let  0  0  denote  the  line  of  contraflexure,  and  h, 
and  7i.2  the  distances  from  the  points  of  contra- 
flexure to  the  upper  and  lower  struts,  respect- 
ively.    The  total  amount  of  deformation  work 

caused  by  2  P  consists  of  the  sum  of  the  work  done  by  its  four 
individual  members. 

^ = g^  [4"  (^/  +  ^1  ^^2 + ^^  +  ^  (J// + ^^2  ^^3 + -%')  + 

1  (3//  +  31,  31,  -h  3i:-)  +  A.  ^m:-  +  31,  31,  -h  i»/r)] 

where  /is  the  moment  of  inertia  of  the  columns  /,  of  the  upper  strut, 
and  1.2  of  the  lower  strut.  For  eqiiilibrium,  the  work  done  will  be  a 
minimum. 

The  moments  are: 
31,  =  Pli;  M2  =  P\^P  {h  —  h,)  =  Ph  —  3f,;  3I2  =  —  31.2/  31,  =  —  31 
Differentiating  partially  with  respect  to  ?i,  as  the  independent  variable: 
S  31,  _         d_3I,  __         S_M,  _     ,     p.  S_M,  _  _ 
Sh,    ~      '     dh,   "  '     dh,   ~~  ^      '     dh, 
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6  ^and  P,  as  constants,  divide  out,  and  we  get:  Mr.  Molsseiff. 

SX  =  ^=[4^^^  -  ^2)  +  -|-  [M,  -  31,)  +  A  (J/33/J  + 

\  (^^A  -  ^/.)] 

Introducing  the  values  set  for  the  moments: 

A  (2  7^l  -  7^)  +  A.  (/,^  _  /,)  +  A.  7,^  =,  0, 

whence,  h  U 

7.         7         ^       X 

::L_^  _l_  _x  4.  _1L 
^        ^2        A 

This  formula  gives  the  i^osition  of  the  jsoint  of  contraflexure,  and 
with  it  the  moments  at  the  four  joints  are  readily  found.  It  will  be 
noted  that  the  position  of  the  points  of  contraflexure  is  independent 
of  the  external  force,  and  that  it  is  only  a  function  of  the  moments  of 
inertia  of  the  members  and  their  lengths.  This  might  have  been 
expected  to  be  so. 

For  all  the  members  of  the  same  moment  of  inertia,  and  for  the 
horizontal  struts  of  the  same  lengths,  /j  =  /,  =  /;  l^  =  /.„  -we  find 

1  ^'  ' 

The  ijoint  of  contraflexure  is  at  the  middle  of  the  column.  Thus 
we  find  that  the  assumption  that  the  point  of  contraflexure  is  at  half 
the  height  of  the  columns  is  true  only  for  a  rectangle  with  sides  hav- 
ing the  same  moment  of  inertia. 

Applying  the  above  contraflexure  formula  to  the  one-story  bent 
taken  by  the  author,  the  point  of  contraflexure  will  be  almost  21.36  ft. 
From  the  general  equation  of  moments,  as  given  by  the  author, 

M=  P.^z  —  X.^  {h^7iz). 
For  the  point  of  contraflexure  M—  P.^  h^  — X-^  {h  +  71  7?,)  =  0. 
Whence 

P,h,            6.7  X  21.36         „_^ 
^5  =  T.   ,    I. —  =  WToa  =  17.2 tons. 

^  +  ^'^^        4.705  +  ^ 
b 

The  greatest  moment  at  Joint  1,  3f^  =  —  X^  x  i.765  =  —  81.85 
foot-tons. 

J/,  =  37.6  foot-tons. 

A  comparison  of  the  author's  figures  shows  the  effect  of  his  assumi^- 
tion  of  fixed  ends.  The  point  of  contraflexure  will  naturally  be 
farthest  from  the  stiflfer  joint,  and  it  actually  moves  down  and  thereby 
increases  the  moment  on  top  by  some  14  per  cent.  Of  course,  the 
lower  bents,  as  designed  by  the  author,  are  so  massive  that  they  offer 
more  than  amjjle  resistance  to  any  increased  moments.  But  this  is 
due  to  the  allowed  low  working  stress. 
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Mr.  MoisseifJ.  The  lower  horizontal  strut  is  only  30  ins.  deep,  and  its  moment  of 
inertia  is  less  than  one-twentieth  of  that  of  the  upper  8-ft.  deep 
strut.  The  point  of  contraflexure  will,  of  course,  move  nearer  to  the 
lower  end,  and,  making  all  due  allowance  for  the  stiffening  eifect 
of  the  brackets,  it  will  be  found  to  be  0.87  of  the  height  of  the  lower 
story  from  the  8-ft.  strut,  or  52.7  ft.  The  sum  of  all  the  X- forces 
above  the  point  of  contraflexure,  which  is  but  the  transferred  wind 
load,  will  be  52.5  tons,  and  the  maximum  moment  in  the  column  will 
be  192.5  foot-tons,  instead  of  108.54  foot-tons  as  given  by  the  aiithor, 
or  some  78^o  higher.  The  extreme  fiber  stress  due  to  this  moment 
in  the  columns  is  7  000  lbs.  per  square  inch. 

Taking  the  stresses  found  by  the  author  for  dead,  live,  and  wind  load 
and  omitting  the  traction  stresses,  and  adding  to  them  the  extreme 
fiber  stress  due  to  bending,  the  greatest  stress  will  reach  15  500  lbs.  per 
square  inch.  This  exceeds  by  11%'the  maximum  stress  of  14  000  lbs. 
given  by  the  author.    Including  traction,  the  stress  will  be  20  000  lbs. 

It  would  appear  from  the  jiaper  that  the  lower  bents  are  simply 
cut-off  upper  portions  of  the  high  bent,  so  that,  for  instance,  in  the 
four-story  bent  the  8-ft.  horizontal  strut  forms  the  lowest  member.  If 
this  is  so,  and  if  the  author  ap^jreciated  the  great  stiffening  effect  of  the 
lower  strut,  why  did  he  not  piit  one  as  deep  or  deejier  in  the  five-story 
bent,  instead  of  the  comparatively  flimsy  30-in.  strut  ?  And  if  he 
deemed  the  bottom  horizontal  struts  of  no  importance,  as  it  results  from 
his  theory,  then  why  did  he  not  replace  these  deep  bottom  struts  by 
the  light  ones  used  in  the  highest  bent,  and  save  material  thereby  ? 
Mr.LaChicotte.  H.  A.  La  Chicotte,  M.  Am.  Soc.  C.  E. — The  principal  feature  of 
this  i^aper  is  the  method  of  calculating  the  stresses  in  the  structure, 
although  if  the  title  of  a  jaaper  is  an  index  of  the  contents,  it  is  to  the 
structure  itself  that  the  author  would  direct  particular  attention.  That 
part  of  the  paper  devoted  to  a  description  and  illustration  of  the  work 
is  so  limited  and  devoid  of  detail  as  to  necessitate  going  to  outside 
sources  for  information  relative  to  this  structure  suflBcient  to  render  an 
intelligent  discussion  of  the  subject  possible.  Fortunately,  timely 
articles,  appearing  in  recent  issues  of  two  technical  journals,  supply 
many  of  the  necessary  data  which  should  have  been  given  by  the 
author. 

The  reasons  offered  for  adopting  such  a  design  as  the  author  submits 
for  criticism  are  by  no  means  satisfactory,  and  it  is  to  be  hoped  that 
discussion  will  bring  out  the  relative  merits  of  the  several  designs 
referred  to,  as  well  as  a  properly  executed  design  of  the  articulated 
type.  "While  the  latter  tyjse  was  excluded  from  competition,  it  would 
no  doubt  possess  advantages  over  that  used,  both  in  economy  and 
rigidity.  It  is  significant  that  the  weight  of  the  new  structure  should 
be  nearly  double  that  of  the  old,  even  after  making  due  allowance  for 
the  increased  traflSc. 
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The  fact  that  the  eolnmns  in  a  bent  approach  so  nearly  together  at  Mr.LaChicotte. 
the  top  is  of  vital  importance  in  the  adopted  design ;  and,  without  the 
verification  of  actual  figures,  the  iise  of  this  tji^e  for  a  double-track 
structure   would   be   precluded   by   reason   of   the   greatly   increased 
bending  moments  in  the  tower  bents,  and  the  resiilting  increased  cost. 

It  is  not  necessary  to  state  that  the  most  suitable  design  for  any 
structure  is  that  which  most  nearly  fulfills  all  the  requirements  of  each 
particular  case;  and  while  allowance  may  reasonably  be  made  for  the 
personality  of  the  designer,  where  matters  of  judgment  and  taste  are 
involved,  it  is  nevertheless  incumbent  upon  him  to  adhere  strictly  to 
the  princij)le  of  utility  and  suitability  of  design.  This  principle, 
when  broadly  interjireted,  will  be  found  to  be  amply  elastic  to  cover 
all  practical  cases.  Originality  and  fertility  of  resource  are  always 
commendable  and  usually  valuable,  but,  unless  guided  by  good  judg- 
ment and  i^ractical  common  sense,  are  apt  to  lead  to  extremes.  Neither 
prejudice  against  established  forms,  nor  a  liking  for  the  unique  may 
be  allowed  to  dictate  what  a  design  should  or  should  not  be. 

In  the  present  case  there  are  several  details  of  construction  open 
to  criticism,  and,  while  the  speaker  does  not  wish  to  be  understood  as 
condemning  the  design  as  a  whole,  there  is  nothing  in  the  pajjer  under 
discussion,  nor  in  the  requirements  of  the  case,  so  far  as  known  to  him, 
which,  in  his  opinion,  would  justify  its  adoption. 

As  to  the  analytical  treatment  for  the  determination  of  wind  stresses, 
the  author  has  jjresumed  too  much  and  left  so  much  unexplained  that 
to  read  the  paper  intelligently  means  to  almost  work  out  the  problem 
on  independent  lines. 

In  fact,  it  was  not  until  the  speaker  had  worked  out  the  problem 
for  himself  that  he  realized  wherein  lay  the  difficulty  with  the  author's 
method. 

Why  the  author  felt  justified  in  considering  the  columns  as  fixed  at 
the  base  is  past  comprehension;  and  he  is  clearly  in  error  in  so  doing. 
In  the  case  of  a  one-story  bent,  not  only  is  the  base  of  the  tower  leg- 
not  fixed,  but  very  much  less  fixed  than  the  top,  and  the  point  of  con- 
traflexure  in  the  column  should  be  somewhat  below  the  middle — that 
is,  nearer  to  the  smaller  moment  tending  to  fix  the  ends. 

An  incongruou.^.  result  of  the  author's  assumption  and  treatment  is 
that  the  point  of  contraflexure  is  nearer  the  greater  moment  assumed 
as  applied  to  the  base  of  the  column  to  insure  its  absolute  fixity. 

As  a  matter  of  fact,  in  applying  the  principle  of  least  work,  it 
should  be  made  to  cover  the  strut  connecting  the  bases  of  the 
columns,  as  well  as  the  other  members  of  the  bent,  as  little  or  no  reli- 
ance can  be  placed  in  the  anchor  bolts  as  fixing  the  legs — especially 
on  the  expansion  side  of  the  tower. 

The  moments  in  the  lower  struts  may  always  be  expressed  in  terms 
of  the  moment  of  the  adjacent  column.     If,  in  the  exjiression  for  the 
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Mr.LaChicotte.  moment  of  the  column,  3I=Pr,2  —  X.^  [h  -\-nz),  z  is  put  equal  to  a, 
there  results,  ilf„  =  208. 77  —  9.96  X^,  for  the  moment  in  the  strut  when 
the  sign  of  M  is  changed. 

This  moment  divided  by  the  half  width  of  the   tower  base  gives 

X  =^  =  20.96  —  X.. 

"Whence 

X  =  9.96 

/  M~  dx  =  —[20.96  —  X,]^  =  —  6972.69  +  332.67  X5. 

X  =  0 

This  result,  divided  by  the  moment  of  inertia  of  the  strut,  and  added 
to  the  equation  of  condition  already  found  for  the  other  members  of 
the  bent  gives, 

36. 06  X5      26760. 27  — 1758. 54  X,  _  6972.69  — 332.67  X,  _ 
107500  10750  "^^  ~ 

Whence,  X;,  =  16.8,  X^  =  20.96  —  X,  =  4.16. 
The  resulting  moments  (Fig.  12)  on 
the  bent  are: 

At  top  of  Column  ill,  =  80.1; 
At  base  of  Column  M^  =  41.43. 
The  point  of  contrafiexure  is  located 
20.6  ft.  from  the  top  of  the  column, 
or,  about  5  ft.  from  the  theoretical 
middle  point  assumed  in  the  grajDhical 
solution. 

Proceeding  in  a  similar  manner  in 
the    case    of    a    two-story    bent,    the  ^"'-  ^^• 

unknown  force  acting  at  the  middle  of  the  strut  uniting  the  bases  of 
the  columns  is  found  to  be 

X3  =  34.363  —  (X3  +  Xj, 
the  equation  of  moments  iKf  =  —  [34.363  —  (X^  +  XJ]  x, 
from  which  there  results: 


I^' 


1^  dx  =  -  [(34.363  -  [X,  +  XJ)  ]J 

+  2  788.48  (X,  +  Xj)  "'  ~  " 


also. 


yif^^d,,-  =  -  [(34.363 


L^  +  ^ 


^ 


95  820.49 


95  820.49 


-f  2  788.48  (X,  +  X,). 
These  expressions,  when  divided  by  the  moment  of  inertia  of  the 
lower   strut,  must  be  added  to  the  equations  of  condition  already 
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found  by  the  author.     Performing  the   necessary  operations,   there  Mr.LaChicotte. 
result  the  following  equations : 

182  930  X5  +  165  309  X^  =  5  400  509; 
25  668  X-,  +    26  666  X^  =     797  015. 
Alienee,  X-^  =  19.29,  and  X^  =      11.3; 

also,  X3  ==  34.363  -  (X-,  +  X,)  =      3.77. 

The  resulting  moments  on  the  several  members  of  the  bent,  as  well 
as  the  positions  of  the  points  of  contraflexure,  are  shown  in  Fig.  13. 

These  results  donot  differ  materially  ^a'6=i9.29 

from  those  of  the  author,  but  the  result-    .^ .lA^-l-M.i 

ing  moments  on  the  columns  are  uni-  ^ 
formly  greater  at  the  top  and  less  at  ? 
the  base,  owing  to  the  less  degree  of  I'i^  // .1/4= -(-1120 

fixity  at  the  base  than  was  assumed  by    "|         2 i^ '|^^_M!iiiiiiiiuii^-^ "^    ^■^ 

the  author.     It  is  noticeable  also  that     =4       "^^-^ 

the  point  of  contraflexure  in  the  lai^jper     f 

column  of  a  two-story  bent  is  consider-    -^. 

ably  lower  (nearly  6  ft.)  than  in  a  one-    -J         /j  j-^'^ 

story  bent.  _L'     ■* 

The  position  of  the  jjoint  of  con-  |a'6-i-a-4H 

trafiexure   depends  upon   the   relative  Fig.  13. 

fixity  of  the  ends  of  the  individual  member. 

Owing  to  the  symmetry  of  the  bent,  the  ends  of  the  struts  are 
equally  fixed,  and  the  points  of  contraflexure  are  at  their  middles. 
The  ends  of  the  columns,  however,  are  not  equally  fixed,  as  a  rule, 
and  the  points  of  contraflexure  will  be  found  nearer  the  smaller 
moment. 

If  the  struts  at  the  bases  of  all  the  smaller  towers  are  those  used  at 
the  corresponding  iianel  points  of  the  large  tower,  coiinting  from  the 
top,  no  very  serious  errors  will  be  found  in  the  stresses  of  the  smaller 
towers;  but  if,  as  in  the  case  of  the  large  tower,  the  bottom  struts  have 
been  made  slender  as  compared  with  those  above,  the  resulting 
stresses,  when  these  struts  are  included  in  the  system,  will  be  found 
to  differ  substantially  from  those  given  by  the  author. 

The  erroneous  assumption  of  fixity  at  the  base  of  the  columns, 
and  the  failure  to  extend  the  calculations  to  the  bottom  struts,  have 
led  to  serious  errors  in  the  large  tower. 

Here,  the  bottom  strut  has  a  moment  of  inertia  of  2  216  quad, 
ins.,  while  the  half  length  is  51.02  ft.  The  moment  at  the  base  of  the 
column  is : 

2  704.892  —  51.02  {X^  +  X,  +  X.,  -f-  X2  +  X,  +  X^) 

2  704.892  —  51.02  (X,  +  X  +  X,  4-  X,  +  X) 
whence,  X,  = 51.02  ^^^-^ 
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Mr.LaChicotte.  whicli  must  be  taken  negatively,  as  it  produces  a  left-hand  or  negative 
moment;  hence, 

—  Xj  =  —  53.016307  +  (X,  +  .Y,  +  X3  +  X.  +  Xi) (a) 

X  =  51.02 

3I=—X,.v;  4^  =  —  x;      f  M^^  d  x  =  U269  X,,. 

Substituting  the  value  of  X^  from  (a)  there  results : 
X  =  51.03 

r  31-^  5  .r  =  —  2  346  979  +  44  269  (A^  +  X,  +  X,  -|-  X,  +  Xj) 

X  =  0 

The  value  of  this  integral,  when  divided  by  the  moment  of  inertia 
of  the  lower  strut,  must  be  added  to  each  equation  of  condition. 
Multiplying  each  equation  by  107  500,  the  value  of  the  largest  moment 
of  inertia,  and  grouping  the  values  of  X5,  X^,  X3,  etc. ,  there  result 
the  following  five  equations,  containing  five  unknown  quantities: 

4  530  396  ^5  -I-  4  513  770  JT^  +  4  365  430  ^^  +  3  957  800  Xo  +  3  361  799  JC^  =  332  736  639. 
4  512  770  Xs  +  4  519  221  X^  +  4  365  420  X3  +  3  957  800  X^  +  3  261  799  JT^  =  233  469  029. 
4  365  420  JL's  +  4  365  420  X^  +  4  383  375  X^  +  3  957  800  .r„  +  3  261  799  A\  =  217  953  309. 
3  957  800  X5  -f  3  957  800  X^  +  3  957  800  X3  +  3  989  471  a'„  +  3  361  799  X^  =  302  Oil  089. 
3  331  799  A'^  +  3  261  799  X,  +  3  361  799  X3  +  3  361  799  X.,  +  3  318  056  Xj  =  170  430  318. 

The  values  of  the  unknown  quantities  resulting  are,  Xj  =  19.454, 
X,  =  11.673,  X3  =  8.138,   X,  =  6.494,  Xi  =  6.528. 

The  value  of  X)  is  found  from  Equation  [a],  and  is  X|^,  =  0.729. 

The  resulting  moment,  and  positions  of  the  points  of  contra- 
flextire,  are  shown  in  Fig.  14,  the  notation  of  the  author  having  been 
followed,  in  order  to  facilitate  comparison  with  the  results  given  by 
him.  The  effect  of  the  author's  assumption  is  strikingly  illustrated 
in  the  case  of  the  columns  of  the  first  story,  where  the  moments  at  the 
top  are  increased  about  70)!^,  and  in  Strut  No.  1  where  there  is  an 
increase  in  the  moment  of  about  32  per  cent. 

It  is  to  be  noticed  also  that  the  point  of  contrafiexure  in  the  column 
of  the  first  story  is  to  be  found  about  20  ft.  below  the  middle  point, 
while  the  moments  given  by  the  author  show  it  about  4  ft.  above  the 
middle.  This  illustrates  the  danger  of  arbitrary  assumj^tions  as  a 
basis  of  computations,  and  points  clearly  to  the  duty  of  using  simple 
determinate  forms  unless  conditions  are  such  as  to  require  otherwise. 

The  increased  moments  in  the  first  story  will  run  the  unit  stresses 
considerably  above  the  limits  fixed  by  the  author,  and  would  seem  to 
necessitate  the  use  of  diagonal  rods,  or  lower  struts  of  greatly  increased 
moments  of  inertia,  to  correct  the  evil. 

It  will  probably  be  noticed  that  while  the  author  has  exj^ressed  the 
moments  in  foot-tons,  the  moments  of  inertia  of  the  several  members 
have  been  expressed  in  quad,  inches.     This  is  a  very  fruitful  source  of 
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-Mr.LaChicotte.  error  in  ordinary  computations  of  deflections,  but  in  the  present  case 
no  error  results  because  it  is  tlie  relative  and  not  the  actual  values  of 
the  several  moments  of  inertia  which  aflfect  the  results. 

The  work  of  deformation  in  a  truss  or  beam  may  be  produced  by 
a  moment,  direct  stress,  shear  or  torsion,  in  any  combination,  de^jend- 
ing  upon  the  manner  of  application  of  the  external  forces. 

Inordinary  bridges  torsion  is  avoided  or  reduced  to  a  minimum  ;^ 
so  that  its  eifect  may  generally  be  neglected.  In  trusses  the  shear  is 
usually  replaced  by  direct  or  axial  stresses,  and  in  beams  the  work  of 
deformation  due  to  shear  is  very  small  as  compared  with  that  due  tO' 
direct  stress  or  bending;  so  that  the  effect  of  shear,  as  such,  may 
usually  be  neglected  without  sensible  error. 

Under  ordinary  conditions,  the  only  forces  that  need  be  considered 
as  producing  deformation  are  those  of  bending  and  direct  stress;  so- 
that  the  work  of  deformation,  which  must  be  a  minimum,  may 
generally  be  expressed  by  the  formiila 

Where  M  ^  the  moment  of  the  external  forces; 
E  —  the  modulus  of  elasticity; 
/  =  the  moment  of  inertia  of  the  section; 
P  —  the  axial  or  direct  stress  acting  upon  the  section  the 
area  of  which  is  A  ; 
and  dx  =:  the  element  of  length. 
It  is  a  matter  of  common  knowledge  that  a  force  acting  on  a  bridge 
member  of  ordinary  lirojiortions  will  distort  it  much  more  by  bending 
than  by  either  direct  tension  or  compression,  and  it  requires  more 
material  to  resist  the  action  of  bending  than  that  of  direct  stress. 
This  is  but  another  way  of  saying  that  the  work  of  deformation  of  an 
axial  force  is  very  small  as  compared  with  that  of  a  moment,  and  the 
author  i3roi:)erly  recognized  this  fact  m  drojjping  from  the  foregoing 
equation  the  exjiression  for  the  work  of  the  direct  stresses,  reducing 
the  equation  to  the  form 

But  in  so  doing  he  must  have  realized  fully  that  by  omitting  the 
diagonal  bracing  of  the  towers  it  became  necessary  to  introduce  inta 
the  tower  legs  to  resist  the  bending,  a  sectional  area  many  times  that 
of  the  discarded  diagonals.  Nearly  one-half  the  sectional  area  of  the 
tower  legs  is  required  to  resist  bending,  while  a  small  part  of  this 
additional  area  would  suffice  for  an  effective  system  of  diagonal  rods. 

The  sjjeaker  fully  realizes  that  the  lighter  structure  is  not  neces- 
sarily the  cheaper,  as  there  are  many  other  considerations  besides  that 
of  weight  of  material.     Facility  of  erection  is  important,  but  the  data 
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given  by  tlie  autlior  do  not  point  to  nndne  economy  in  this  respect,  MrXaChicotte. 
even  after  allowing  for  the  removal  of  the  old  structure.  Uniformity 
of  details  has  an  important  bearing  upon  the  cost,  both  of  manu- 
facture and  erection;  but  uniformity  is  very  often  secured  by  too  great 
a  sacrifice  of  material,  and  the  ultimate  cost  of  the  structure  thereby 
increased  rather  than  reduced.  If  the  contractors  furnished  the  work 
in  this  instance  at  a  pound  rate,  they  are  to  be  congratulated  for 
devising  a  type  of  structure  involving  a  minimum  sho^)  cost  and  a 
maximum  tonnage. 

GusTAV  LiNDENTHAii,  M.  Am.  Soc.  C.  E.  (by  letter). — The  first  Kin-  Mr.Limlenthai. 
zua  Eailroad  Viaduct  (built  of  wrought  iron)  attracted  world-wide 
attention  from  engineers  at  the  time  of  its  construction  (1880-81), 
because  of  its  great  height  and  the  rapidity  of  its  erection.  Its  arti- 
culated design  of  short  spans — expansion  joints  at  every  tower,  and 
the  towers  made  up  of  braced  bents,  which  were  siibject  to  large  bend- 
ing strains  in  the  direction  of  the  track — was  not  favorably  thought  of 
at  that  time  by  some  engineers,  who  believed  that  the  rigidity  and 
durability  of  the  viaduct  were  impaired  thereby.  Experience  has 
proved  the  prediction  to  be  correct.  It  is  well  known  that,  almost 
from  the  beginning,  trains  over  that  structure  were  obliged  to  slow 
down  to  about  5  miles  per  hoiir.  Even  then  the  vibrations,  although 
not  dangerous,  caused  unpleasant  sensations. 

The  old  structure  was  typical  of  the  American  form,  as  distin- 
guished from  the  Eiiropean  form,  of  metallic  viaducts.  In  the  latter 
the  aim  was  always  to  obtain  great  rigidity,  so  that  trains  could  pass 
over  them  without  diminution  of  si^eed.  Compact  towers,  continuoiis 
girders  and  longer  spans  were  the  leading  featiires.  Long-span  arches 
also  occur  as  parts  of  such  viaducts  over  deep  ravines,  as  in  the 
Garabit  Viaduct,  in  France,  and  the  Miinster  Viadu^ct,  in  Germany. 

It  is  a  singular  fact  that  in  American  bridge  specifications,  tip  to 
this  date,  as  far  as  known  to  the  writer,  there  are  no  provisions  insist- 
ing upon  rigidity  of  structure.  If  obtained,  it  is  accidental,  or  the 
result  of  extra  provisional  care  by  the  designing  engineer,  w^hich  he  is 
under  no  obligation  to  give.  The  old  Kinzua  Viaduct  complied  in  all 
respects  with  the  old  Erie  specifications,  which  were  then  considered 
among  the  best.  Nevertheless,  it  was  a  swaying  strticture,  unfit  for 
trains  at  ordinary  speeds,  and  inferior  to  similar  structures  in  Europe, 
built  ten  and  twenty  years  earHer. 

Among  the  earliest  was  the  well-known  dotible-track  viaduct  at 
Freiburg,  in  Switzerland  (built  in  1862),  about  225  ft.  high  and  1  100 
ft.  long.  The  Iglava  Viaduct  in  Austria,  the  Ossiugen  Viaduct  in 
Switzerland,  and  others  of  considerable  height  and  length,  followed 
the  Fi'eiburg  examj^le.  Faulty  as  some  of  their  details  are,  in  the  light 
of  present  engineering  knowledge,  the  essential  fact  remains  that  even 
at  that  early  day  it  was  found  practicable  to  build  high  iron  viaducts 
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Mr.Lindenthai.  of  sufficient  rigidity  to  carry  trains  without  diminution  of  speed. 
The  weight  of  locomotives  and  cars  on  these  viaducts  since  then  has 
also  increased,  but  they  have  stood  wear  and  tear  very  well,  and,  so 
far  as  known,  will,  with  few  repairs,  be  serviceable  yet  for  a  number 
of  years. 

In  the  American  construction,  greater  importance  was  attached  to 
the  temporary  advantage  of  rapid  erection,  without  falseworks,  and 
with  the  fewest  men,  far  away  from  the  bridge  shops.  It  led  to  a 
type  of  thin-legged  and  short- span  trestle  structures  of  flimsy 
appearance,  inferior  in  rigidity  to  the  European  type.  The  trestle 
type  may  answer  well  enough  for  low  heights,  but  is  not  suitable 
for  greater  heights,  as  proved  by  the  old  Kinzua  Viaduct,  and  by 
a  few  other  American  railroad  viaducts  of  less  height  which  could 
be  named. 

The  weight  of  locomotives  and  cars  on  the  Erie  Railroad  has  nearly 
doubled  in  the  last  twenty  years,  and  the  viaduct  might  have  had  to 
be  rebuilt  in  any  case;  but,  in  doing  so,  the  time  had  arrived  also  for 
a  rigid  structure  over  which  trains  could  be  run  at  full  speed.  This 
should  have  been  the  leading  thought  in  the  neAv  design.  It  appears 
from  this  paper,  and  from  the  character  of  the  plans,  that  such  was 
not  the  case. 

Because  rolling  stock  has  doubled  in  weight  in  the  last  twenty 
years,  it  does  not  follow  that  it  will  double  again  in  the  future.  The 
limit  will  soon  be  reached  (by  reason  of  the  crushing  strength  of  hard 
steel  in  rails  and  wheel  tires).  An  increase  of  50%"  in  the  weight  of 
the  present  heaviest  rolling  stock  is  imj^robable.  Bixt  if  it  should 
occur,  that  margin  is  amply  covered  by  the  working  stresses  of  the 
present  Erie  specifications.  The  new  structure,  under  these  condi- 
tions, should  have  been  designed  to  be  a  permanent  one,  to  last  cen- 
turies. 

For  an  intelligent  judgment  of  the  jjlans,  Mr.  Grimm  does  not 
furnish  sufficient  data.  There  is,  for  instance,  no  elevation  or  dia- 
gram of  the  viaduct,  showing  the  arrangement  and  location  of  the 
expansion  joints.  The  description  of  them  on  page  24  is  not 
intelligible  without  such  elevation.  No  weights  of  the  new  structure 
are  given,  from  which  the  economy  of  design  could  be  judged,  in  view 
of  the  author's  allegation  that  the  choice  of  the  peculiar  system  of 
wind  bracing  in  the  towers  was  prompted  by  economy,  when  com- 
pared with  other  systems  of  bracing.  Neither  are  data  given  as  to  the 
behavior  of  the  structure  under  trains. 

Some  remarkable  assumptions  have  been  made.  For  instance, 
below  the  diagram  (Fig.  8),  showing  the  stresses  in  the  tower  bracing 
from  braking,  is  a  note,  as  follows: 

' '  The  computation  of  the  stresses  from  the  braking  of  trains  assumes 
the  i^oint  of  contraflexure  at  half  the  height  of  the  towers." 
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From  which  it  appears  that  the  towers  are  assumed  to  have  at  the  Mr.Lindenthal. 
tojj  bending  moments  of  the  same  value  as  those  at  the  bottom,  where 
the  tower  legs  are  anchored.     How  these  are  possible  with  the  shallow 
plate-girders  of  the  superstructure  (of  different  heights  and  discontin- 
uous chords)  requires  an  explanation. 

The  horizontal  force  from  a  braking  train  per  tower  is  not  stated  on 
the  diagram,  but  mav  be  judged,  from  the  strains  given  for  the  stiff 
web  members,  to  be  about  50  000  lbs.  for  one  side,  or  50  tons  per  tower. 
For  prudential  reasons,  the  entire  height  of  the  tower,  and  not  half  its 
height,  must  be  taken  as  the  leverage  for  that  force.  The  placing  of 
an  expansion  joint  in  the  superstructure  at  every  third  or  fifth  tower  has 
not  the  slightest  influence  on  that  condition.  The  bending  moments 
at  the  base  will,  therefore,  be  double  those  assumed;  and  there  can  be 
no  bending  moments  at  the  top  of  the  towers  worth  considering. 
Whether  the  columns  and  anchorages  at  the  foot  of  the  high  towers 
are  sufficiently  strong  to  resist  those  larger  bending  moments  cannot 
be  judged  from  the  meager  data  in  the  paper. 

There  are  the  further  questions:  How  much  do  the  towers  bend  or 
deflect  under  the  horizontal  braking  force  applied  at  the  top?  And 
does  not  the  bending  of  the  towers  subject  the  riveted  connections  (of 
the  track  girders)  at  their  tojis  to  large  bending  strains,  for  which 
these  connections  are  not  adapted?  Would  not  the  high  towers  bend 
so  much  under  a  suddenly  braked  train  as  to  cause  the  girders  to  slip 
off  the  roller  bearings  at  the  expansion  joints,  and  cause  the  viaduct 
to  collapse?  Is  not  the  only  safety  against  such  an  occurrence  in  the 
continiiity  of  the  track  structure? 

These  important  questions  can  be  accurately  answered  only  with 
the  aid  of  deflection  diagrams  of  the  towers,  which  are  not  given. 

The  most  characteristic  feature  of  the  towers,  however,  is  in  the 
peculiar  lateral  bracing,  called  ordinarily  the  wind  bracing,  because 
(except  on  curves)  it  is  usually  dimensioned  only  for  wind  pressure, 
assumed  to  act  quiescently.  But  the  fact  cannot  be  overlooked  that 
this  bracing  is  also  exposed  to  the  lateral  impact  and  vibrations  gen- 
erated by  the  moving  trains.  These  strains  are  dynamic  in  their  nature, 
and  therefore  more  dangerous  on  that  account.  The  impact  and  vibra- 
tion increase  as  the  square  of  the  train  speed.  Every  trackman  knows 
from  experience  that  on  a  shaky  structure  trains  must  run  slowly, 
although  he  may  not  know  the  theoretical  reasons  for  that  necessity. 

Most  bridge  specifications  make  allowance  for  vertical  impact  by 
the  addition  of  arbitrary  jjercentages  to  the  train-loads.  A  similar 
allowance  should  be  made  for  horizontal  impact,  for  the  lateral  vibra- 
tion of  fast  moving  trains,  and  for  the  violently  alternating  strains  on 
the  bracing.  In  ordinary  bridges,  these  strains  may  safely  enough  be 
assumed  to  be  included  in  the  wind  strains;  but  in  high  viaducts,  or 
long  spans,  such  an  assumption  is  not  warranted  by  observed  facts. 


58  DISCUSSION"    ON   THE    KINZUA    VIADUCT. 

Mr.Lindenthal.  In  the  n-ew  Kinzua  Viaduct,  the  lateral  bracing  is  without  diagonals 
in  the  towers.  Stifl"  gusset  connections  with  the  horizontal  braces- 
take  their  place,  on  the  plea  that  they  are  more  economical.  This 
may  well  be  doubted.  Does  that  arrangement  produce  a  more  rigid 
construction  laterally?  It  is  obvious  that  a  deflection  diagram  of  the 
tower  bents  at  right  angles  to  the  track  would  furnish  the  emphatic 
answer  "  No." 

Higher  mathematics,  as  applied  to  the  princijile  of  least  work,  was 
probably  never  used  for  a  poorer  i^urpose  than  in  the  calculation  of 
this  tower  bracing,  needlessly  made  to  be  statically  indeterminate,  and 
which  is  inferior  to  the  statically  determinate  bracing  in  the  old  towers, 
unsubstantial  as  the  latter  had  been.  The  whole  procedure  shows  a 
misconception  of  the  fundamental  conditions  of  good  designing,  and 
theoretical  trifling  with  a  serious  problem,  involving  the  safety  of  the 
structure. 

Its  details  are  also  ojien  to  question.  For  instance,  the  large  shear- 
ing strains  in  the  tower  columns  from  the  bending  moments  at  the 
gusset  connections  are  taken  up  by  the  lacing  angles.  The  single 
shear  rivets  of  these  angles,  therefore,  have  to  resist  strains  additional 
to  those  of  ordinary  lacing.  The  alternating  strains  from  the  horizon- 
tal impact  and  vibration  exj^ose  the  lacing  angles  to  a  sawing  action. 
There  is  great  likelihood  here  of  the  rivets  loosening  and  endanger- 
ing the  stability  of  the  towers.  By  turning  the  columns  one-quarter 
around,  so  that  the  solid  web  plates  would  have  taken  the  shearing 
strains,  that  danger,  at  least  from  loose  rivets,  would  have  been 
avoided. 

But,  aiter  all,  the  defects  in  the  bracing  may  be  readily  cured  by 
the  insertion  of  additional  triangi^lar  or  diagonal  braces.  The  neces- 
sity for  them  in  the  higher  towers  will  arise  sooner  or  later. 

If  the  new  viaduct  should  seem  at  present  to  be  stiflfer  than  the  old 
one,  it  can  be  so  only  on  the  low  bents  and  under  slow  trains,  and  by- 
reason  of  the  greater  weight  and  bulk  of  the  new  structure. 

A  rigid  viaduct  does  not  necessarily  mean  a  more  expensive  one. 
Expansion  joints  should  be  the  fewest  in  number.  The  structure  is 
only  about  2  000  ft.  long,  and  dilatation  joints  placed  at  each  end  of 
the  viaduct  would  have  been  sufficient  to  take  care  of  temperature 
changes.  The  towers  should  not  be  subjected  to  the  heavy  strains 
from  braking  trains;  they  are  not  adapted  for  them.  Resistance  to 
braking  trains  can  be  furnished  without  them.  Looseness  of  structure, 
lengthwise  with  the  track,  was  a  potent  cause  of  the  shakiness  of  the 
old  structure. 

If  a  competition  of  designs  and  bids  had  been  invited,  on  the  condi- 
tion that  the  new  structure  must  be  suitable  for  fast  trains,  and  that 
the  sudden  braking,  or  the  starting  up,  of  a  double-header  train  must 
in  no  wise  endanger  its  safety,  then  the  i3roof  would  most  likely  have 
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been  fiirnisbed,  in  a  variety  of  designs,  of  its  being  readily  attainable,  Mr.Liudeuthal. 

and  at  no  greater  cost  (if  as  great)  than  the  structure  described  in  this 

paper. 

F.  H.  CiLLEY,  Esq.  (by  letter). — This  paper  raises  many  most  inter-  Mr.  Cilley. 
esting  questions,  both  theoretical  and  practical. 

For  the  calculations,  Mr.  Grimm  gives  jH-eference  to  an  apijlica- 
tion  of  what  is  known  as  "the  principle  of  least  work,"  a  principle 
so  little  known  and  less  understood,  even  by  many  who  use  it,  that 
a  brief  examination  and  exposition  of  it  hei'e  may  be  of  interest. 

As  commonly  stated,  this  jirinciple  declares  that  "the  actual 
stresses  in  a  structure  are  those  which  make  its  work  of  deformation  a 
minimiim."  But,  set  forth  in  these  terms,  the  principle  is  in  several 
ways  most  misleading  when  not  actually  incorrect.  It  suggests  that 
it  is  based  on  the  popularly  acceiated  law  that  all  natural  processes  tend 
to  pursue  the  course  most  economical  of  energy.  Yet,  as  this  latter  is 
not  a  true  law,  the  principle,  in  so  far  as  it  is  correct,  cannot  be  simply 
a  special  application  of  it. 

If  one  sought  to  interpret  the  law,  ignorant  of  the  rules  for  its 
application,  one's  impression  would  probably  be  that  it  asserted 
that  the  actual  stresses  (which  are,  of  course,  in  equilibrium)  repre- 
sented less  stored  energy  than  any  other  set  of  stresses  (not  balanced, 
and  therefore  momentary),  that  is,  that  it  asserted  that  the  energy 
of  the  frame  in  the  state  of  equilibrium  imder  given  forces  was  less 
than  in  any  non-equilibrated  state  under  these  forces — a  law  of 
dynamics. 

But,  actually,  it  in  no  way  states  conditions  of  equilibrium,  and  is 
not  a  law  of  dynamics.  What  it  really  asserts  is  that  the  set  of  stresses 
in  equilibrium  under  the  given  applied  forces,  which  would  wholly 
disappear  on  the  removal  of  those  forces  (that  is,  which  would  occur 
under  the  applied  forces  if  there  were  no  initial  stress),  is  that  one 
among  all  possible  sets  of  stresses  in  equilibrium  under  the  given 
applied  forces  (for  there  are  numberless  such  sets  for  all  indeterminate 
structures),  for  which  the  potential  energy  of  the  structure  is  least. 
And  the  reason  for  this  fact  is  of  the  simplest.  For  structures  obey- 
ing Hooke's  law,  the  distortion  accompanying  the  application  of  any 
given  set  of  forces  is  independent  of  the  existence  of  initial  stress, 
and,  therefore,  not  only  the  change  in  stress,  but  the  work  done  to  the 
structixre  by  the  applied  forces,  and,  therefore,  the  change  in  the 
potential  energy  of  the  structure,  are  indeijendent  of  the  existence 
of  initial  stress.  Thus,  the  total  potential  energy  of  a  structure  in 
equilibrium  under  given  applied  forces  is  its  initial  potential  energy 
(due  to  its  initial  stresses)  plus  the  (invariable)  change  of  potential 
energy  due  to  the  ajoplication  of  the  given  forces.  The  total  potential 
energy  evidently  is  least  when  the  initial  potential  energy  is  zero, 
that  is,  when  there   is  no  initial  stress,  and  thence  the  law  as  last 
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Mr.  Cilley.  stated.  It  is  not  a  law  of  equilibrium;  it  is  not  a  special  case  of  a  great 
universal  law  of  Nature,  but  is  simply  a  limited  law  of  the  theory  of 
elasticity,  dependent  for  its  truth,  even  in  the  second  form  given 
herein,  on  whether  Hooke's  law  happens  to  hold,  or  does  not  happen 
to  hold,  for  the  materials  and  manner  of  distortion  of  the  structure 
under  consideration.  In  its  first  form  it  is  not  necessarily  correct,  even 
where  Hook's  law  does  hold,  for  the  stresses  it  determines  are,  in  gen- 
eral, simjily  the  changes  in  stress  due  to  the  given  applied  forces,  which 
are  only  the  actual  stresses  when  there  chances  to  be  no  initial  or 
self-balancing  stresses. 

Now,  as  to  its  application:  First,  the  potential  energy  of  the  struct- 
ure under  the  given  applied  forces  must  be  expressed  in  terms  of  any 
variable  set  of  stresses  in  equilibrium  with  them,  and  including  in 
their  variation  the  set  of  stresses  sought.  This  is  done  by  noting  how 
many  more  stresses  have  to  be  determined  than  there  are  conditions 
provided  by  statics.  As  many  of  the  stresses  as  have  thus  been  found 
to  be  in  excess  are  then  designated  by  letters  as  unknowns.  They  evi- 
dently may  be  independently  given  any  arbitrary  values  whatever,  and 
the  conditions  provided  by  statics  still  be  satisfied.  They  are,  there- 
fore, independent  variables.  The  conditions  of  statics  now  permit  all 
the  stresses  in  the  structure  to  be  expressed  in  terms  of  the  applied 
forces  and  these  unknown  stresses.  Thence  it  is  very  easy  to  express 
the  corresponding  potential  energy  of  the  structure.  Now,  for  the 
solution  sought,  the  set  of  stresses  for  which  there  is  no  initial  stress, 
or  the  change  in  stress  under  the  applied  forces — the  set  of  values  of 
the  unknowns — the  independent  variables — must  be  found,  which  will 
make  the  expression  for  the  potential  energy  of  the  structure  a  mini- 
mum. This  is  purely  a  question  of  mathematics.  As  is  known,  the 
differential  coefiicient  of  the  expression  for  the  potential  energy  of 
the  structure,  with  respect  to  each  of  the  independent  variables,  must 
be  zero.  This  gives  as  many  equations  as  there  are  independent  vari- 
ables. Stress  being  proportional  to  strain  (Hooke's  law),  the  expression 
for  the  potential  energy  of  the  structiire  is  quadratic  in  terms  of  the 
variables.  These  partial  differential  coefficients  are  therefore  linear. 
The  values  of  the  independent  variables,  consequently,  are  deter- 
mined simply  by  solution  of  linear  equations.  Such  is,  in  outline, 
the  comi^lete  explanation  of  "the  iirinciple  of  least  work"  and  its 
application. 

What  are  its  merits  and  demerits  as  a  working  method?  it  may  be 
asked. 

It  may  be  used  almost  mechanically,  and  therefore  saves  thought, 
but  at  the  expense  of  understanding.  Like  most  integral  theorems, 
it  is  a  sort  of  blanket  which  hides  the  details  and  prevents  the  per- 
ception of  the  significance  and  purpose  of  the  procedvire.  On  this 
account,  the  writer  is  inclined  to  prefer  the  use  of  a  more  objective 
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method,  in  whicli  the  striictiire  is  conceived  -as  being  so  cut  ujj  or  Mr.  Cilley. 
otherwise  altered  as  to  make  it  statically  determined,  place  forces 
and  moments  at  the  various  cut  sections  or  otherwise  altered  points 
to  replace  the  restraints  removed,  then,  i^referably,  by  aid  of  the 
method  of  \artual  work  (also  known  as  the  method  of  virtual  veloci- 
ties or  disjilacements),  determine  the  corresponding  displacements, 
the  equation  of  which  gives  the  conditions  which  must  exist  in  the 
original  uncut  and  unaltered  structure.  In  the  case  of  no  initial 
stress  this  results  in  precisely  the  same  linear  equations  as  before,  * 
but  here  the  meaning  of  each  is  clear;  one  is  in  close  touch  with  the 
lihysical  problem  at  all  times;  errors  are  easily  discovered  and  cor- 
rected; the  consequences  of  changes  are  readily  perceived,  and  one 
gains  a  really  intimate  insight  into  the  workings  of  the  structure 
which  is  the  object  of  the  investigations.  lu  particular,  cases  involv- 
ing consideration  of  changes  in  temperature,  yielding  supports,  errors 
in  workmanship,  and  initial  stresses  generally,  are  dealt  with  clearly 
and  readily. 

Turning  from  general  considerations  to  the  special  problem  offered 
by  the  design  of  the  Kinzua  Viaduct,  consider  the  plane  bent  of  five 
stories.  By  cutting  through  each  of  the  five  headers,  say  at  the  mid- 
dle, separating  the  two  halves  and  putting  at  each  cut  section  the 
forces  which  had  actually  acted  on  it  before  the  cutting,  each  of  the 
halves  would  become  statically  determinate,  and  would  offer  no  fur- 
ther difficulties.  But  these  forces  acting  on  the  cut  sections  are  pre- 
cisely those  which  are  not  known,  but  have  to  be  determined.  At 
each  section  there  are  three  of  these,  a  shear,  an  axial  stress  and  a 
moment,  or  fifteen  in  all.  Indicating  each  of  these  by  a  letter,  there 
would  be  no  difficulty  in  writing  out  the  expression  for  the  potential 
energy  of  the  whole  bent  in  terms  of  the  apjilied  forces  and  these  fif- 
teen unknowns.  Partially  dift'erentiating  with  respect  to  each  of  these 
unknowns,  and  placing  each  result  equal  to  zero,  fifteen  linear  equa- 
tions between  the  fifteen  unknowns  are  obtained,  the  solution  of 
which  yields  their  values. 

But  in  Mr.  Grimm's  treatment  not  fifteen  but  only  five  unknowns 
appear,  and  only  five  equations  are  found.     This  is  in  consequence  of 

*  The  potential  energy  of  a  structure  under  load  may  be  expressed  hy  i  2  S  s  — 
one-half  the  sum  of  all  the  products  of  the  stresses  into  the  corresponding  strains— if 
the  material  obeys  Hooke's  law.  The  strains  A  are  proportional  to  the  stresses  S, 
—  A  —  K S  say— so  that  the  potential  energy  of  the  structure  becomes  A  >!  K S-.  Now, 
if  the  structure  be  statically  indeterminate,  the  S  are  linear  functions  of  the  super- 
abundant stresses  X  The  values  of  these,  if  there  are  to  be  no  initial  stiisscs,  it  has 
been  seen,  must  satisfy  the  equations  obtamed  by  partially  iliffeientiMting  the 
energy  equation,  i  2  K  S-,  with  re-pect  to  each  of  them,  bearing  'in  iiiiiid  tliat  they  are 
independent  variables,  and  equating  each  result  to  zero.    That  is,  the  X  are  determined 

by  solution  of  the  simultaneous  linear  equations :  — '  '      =2  KS  =  q. 

But  the  expressions  -— ^  are  the  stresses  S»  which  would  result,  if  the  value  unity 

were  given  to  the  X  in  question,  all  other  A' being  zero,  and  the  equations  become: 
2K  S  S^—  0  =  2  A  .S'M  a  form  familiar  to  all  who  use  the  method  of  virtual  work,  wbicb 
at  once  expresses  the  fact  that  the  difference  in  displacement  in  the  direction  of  Xof  the 
two  sides  of  the  section  on  which  the  stress  X  works,  is  zero. 
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Mr.  Cilley.  his  neglect  of  certain  factors.  If  the  complete  equations  were  written 
out,  denoting  by  Y  and  Z  the  axial  stress  and  central  moment,  re- 
spectively, of  each  header,  it  would  be  found  that,  owing  to  the  sym- 
metry of  the  structure  and  the  character  of  the  loading,  the  equations 

d  F  .      .  d  F 

— — ^=  0  do  not  contain  either  the  Yor  the  Z,  while  theequations-r^^^O 
o  A  0  Y 

8  F 

and  ^-^  =  0  do  not  contain  the  X;  F  representing  the  expression  for 

the  potential  energy  of  the  bent  under  the  given  loading.  Mr.  Grimm 
considers  only  the  first  set  of  equations.  The  second  and  third  sets 
determine  values  of  Yand  Z  largely  dependent  on  the  compressibility 
of  the  headers.  Assuming  the  headers  incompressible  (although 
flexible)  the  Y  and  Z  become  zero,  and  this,  at  least,  is  involved  in 
Mr.  Grimm's  solution.  He  further  treats  the  columns  as  incompres- 
sible and  inextensible,  although  flexible.  Mr.  Grimm's  statements  in 
this  connection  on  page  29  are  very  misleading. 

Turning  to  Mr.  Grimm's  actual  work,  it  may  be  noted  that  he  has 
integrated  for  the  vertical  distance  between  headers,  instead  of  for  the 
true  oblique  lengths  of  the  columns.  These  and  other  errors  in  his 
work,  made  apjiarent  by  a  calculation  of  the  deflections  from  his 
results,  which  wholly  failed  to  check,  made  it  futile  to  attempt  any 
thorough  discussion  of  Mr.  Grimm's  design  from  his  own  data,  and 
the  computation  of  correct  data  is  too  laborioiis. 

On  two  i^oints,  however,  it  is  important  to  arrive  at  some  sort  of  a 
conclusion :  As  to  the  economic  necessity  of  the  design  used,  and  as  to 
its  stiffness. 

As  to  the  first  of  these,  the  writer  finds  that  by  Mr.  Grimm's  data 
the  unit  stress  in  the  headers  rises  to  some  12  000  lbs.  Taking  this  as 
a  basis,  and  the  column  formula  as  published,  the  writer  computed  a 
stiff  system  of  diagonal  bracing  at  about  45°  with  the  vertical,  and 
found  it  at  least  as  light  as  the  headers.  So  that,  even  without  con- 
sidering the  removal  of  the  secondary  stresses  in  the  columns  (some 
5  000  lbs.  jDer  square  inch)  resulting  from  the  use  of  the  stiff  diagonal 
system,  it  is  at  least  as  economical  as  that  actually  used,  thus  showing 
that  Mr.  Grimm  was  mistaken  in  supposing  his  design  one  required 
for  economy. 

As  to  the  second,  it  apjoarently  does  not  require  argument  to 
demonstrate  that  a  completely  braced  frame  must  have  smaller  deflec- 
tions, for  the  same  unit  stresses,  than  a  frame  without  diagonals,  resist- 
ing only  through  the  bending  of  relatively  slender  members.  Mr. 
Grimm,  at  least,  can  hardly  take  exception  to  this  conclusion  in  this 
case,  for  in  his  work  he  has  gone  on  the  basis  that  the  distortions  due 
to  bending  are  so  great  that  those  due  to  axial  stress  are  by  compari- 
son wholly  negligible.  Either  this  is  correct  or  Mr.  Grimm's  comjju- 
tations  are  worthless. 
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C.  E.  GKmM,  M.  Am.  Soc.  C.  E.  (by  letter).— In  presenting  a  paper  Mr.  G 
on  the  Kinzua  Viaduct  the  writer  had  hoped  that  its  discussion  would 
produce  some  points  of   value,   either  of    a  practical  or  theoretical 
nature,  biit  in  this  he  has  been  disappointed. 

If  the  design  had  been  subjected  to  a  critical  and  scientific  exam- 
ination, facts  would  have  come  to  light  instead  of  opinions. 

While  an  answer  to  the  minor  objections  of  the  critics  can  be  found 
in  the  paper,  and  need  not  be  touched  upon  again,  the  writer  will  con- 
fine himself  to  answering  more  fully  the  objections  on  which  the  dis- 
cussers lay  the  greatest  stress,  as  this  is,  in  any  case,  the  object  to  be 
attained. 

Answers  to  objections  of  the  same  nature,  although  raised  by  sev- 
eral discussors,  will,  of  course,  be  given  but  once. 

Some  mathematical  notes  in  regard  to  the  analysis  have  been  added 
in  order  to  meet  the  wishes  of  some  of  the  discussors  and  give  a  proof 
of  certain  statements  made  by  the  writer. 

Although  Mr.  Buck  failed  to  do  justice  to  the  practical  part  of  the 
■design,  the  writer  gives  him  credit  for  his  persistent  effort,  with  able 
oxitside  assistance,  to  follow  the  analysis,  but  cannot  agree  with  him 
that  sufficient  data  for  a  discussion  have  not  been  given. 

As  previously  stated,  the  writer  assumed  the  reader's  familiarity 
-with  the  principle  of  least  work,  and  engineers  acquainted  with  mod- 
ern analytical  methods  will  find  the  data  sufficient  as  a  basis  for  a 
thorough  discussion.  It  has  been  stated  in  the  paper  that  wind 
stresses  alone  would  be  examined,  and,  of  course,  by  some  analytical 
method.  The  assumption  of  the  points  of  contrafliexure  in  the 
graphical  method  is  arbitrary,  while  in  the  analytical  method  this  as- 
sumption is  not  and  must  not  be  arbitrary.  As  a  matter  of  fact,  no 
assumption  whatever  has  been  made  in  the  analysis  that  cannot  be 
proved  to  be  justifiable;  but  this  point  will  be  taken  np  at  the  proper 
place. 

In  reference  to  the  closing  paragraph  of  the  paper,  it  should  be 
stated  that  by  a  group  of  members  is  meant  either  the  columns  or  the 
cross-struts,  and,  although  the  effect  on  the  resulting  moments  of  a 
change  in  the  moments  of  inertia  of  a  group  of  members  between 
rather  wide  limits  is  quite  small,  the  eflect  on  the  stiffness  of  the  frame 
may  or  may  not  be  small.  This  depends  upon  how  the  increase  in 
the  moments  of  inertia  is  effected;  if,  for  instance,  by  increasing  the 
depths  of  the  struts  or  of  the  columns,  then,  of  course,  the  bent  will 
gain  in  stiffness. 

According  to  the  figures  on  the  stress  sheet,  there  is  no  up-lift  on 
the  windward  cohimn,  as  erroneously  stated  by  Mr.  Buck  ;  but  the 
writer  agrees  with  him  in  the  rejection  of  the  old  anchor  bolts. 
Strong  bolts  should  have  been  used,  with  superior  details,  and,  there- 
fore, much  greater  efficiency. 
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Mr.  Grimm.  Mr.  La  Chicotte  laments  over  both  the  length  of  the  analysis,  as 
the  principal  feature  of  the  paper,  and  the  shortness  of  the  descrip- 
tion of  the  viaduct,  but,  to  judge  from  his  vigorous  comjslaints  that 
so  much  has  been  left  unexplained  in  the  analysis,  one  is  led  to  the 
belief  that  the  length  and  breadth  of  the  analytical  method  is  far  be- 
hind the  requirements  of  Mr.  La  Chicotte,  and  it  is  significant  indeed 
that  his  whole  discussion  centers  in  the  bottom  transverse  strut.  Mr. 
La  Chicotte,  in  conjunction  with  Mr.  Moisseifif  and  Mr.  Buck,  objects 
to  the  writer's  assumption  of  the  fixity  of  the  bents. 

While  jjerfectly  aware  of  the  fact  that  no  connections  whatever  are 
fixed,  in  the  scientific  sense  of  the  word,  the  writer,  nevertheless,  is 
unshaken  in  his  view  that,  at  least  in  the  case  under  consideration, 
this  assumption  answered  all  jiractical  jjurijoses. 

If  the  discussion  was  meant  to  be  logical,  why,  then,  was  not  the 
writer  questioned  with  regard  to  the  different  degrees  of  fixity  of  the 
bents?  Why  was  he  not  questioned  about  the  influence  on  the 
moments  of  the  varying  heights  of  the  bottom  stories  of  the  towers; 
and,  consequently,  why  was  he  not  expected  to  undertake  forty  sets  of 
computations  instead  of  the  five  actually  made?  And  why  was  no  in- 
quii-y  made  regarding  the  assumption  of  concentrated  wind  jaressures? 
Drawing  the  final  conclusions,  which  Mr.  La  Chicotte  from  some 
reason  ignores,  we  arrive  at  the  following  results. 

Assuming  his  figures  to  be  correct,  then  the  bending  stress  in  the 
bottom  column  of  the  highest  bent,  according  to  his  own  data— and  no 
other  members  need  be  considered — is  increased  1  600  lbs.  per  square 
inch,  which  means  that  the  computed  wind  stress,  by  Mr.  La  Chicotte, 
could  be  increased  360%  before  the  combined  stress  from  the  different 
loadings  would  reach  the  elastic  limit,  not  considering  the  reducing 
effect  of  an  8-ft.  strut  on  the  moments  of  the  column. 

While  an  inquiry  into  the  assumption  of  fixity  is  quite  proper,  it  is 
nevertheless  true  that  Mr.  La  Chicotte  has  made  a  mountain  out  of  a 
molehill,  and  the  work  spent  on  the  bottom  strut  should  have  been 
directed  toward  some  more  profitable  point. 

Mr.  La  Chicotte  claims  that  he  has  worked  out  the  problem  for 
himself.  The  only  thing  he  has  done  consisted  in  trifling  additions 
(on  account  of  the  transverse  bottom  struts)  to  the  writer's  original 
condition  equations,  and  solving  them  over  again.  The  insuflieient 
and  i^artly  erroneous  general  theoretical  remarks,  together  with  his 
statements  about  the  i:)oints  of  contraflexure,  which  are  bound  to  lead 
to  erroDeous  views,  fully  explain  that  he  did  not  digest  the  jiroblem. 

A  solution  of  the  ijrol)lem  on  independent  lines  would  have  been 
very  welcome  to  the  writer  for  the  sake  of  comparing  results,  but  no 
such  solution  has  been  forthcoming  during  this  discussion. 

The  writer  agrees  with  Mr.  Lindenthal  when  he  questions  the  ad- 
visability   of  building  very  high  viaducts.     A  viaduct   of  300  ft.  in 
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height  aucl  with  spans  of  some  40  and  GO  ft.  has  already  passed  the  Mr.  Grimm, 
limits  of  economy  and  desirability,  no  matter  how  it  is  designed,  and, 
in  the  opinion  of  the  writer,  in  the  present  case  from  a  purely  econom- 
ical point  of  view,  its  place  shonld  have  been  taken  by  an  arch.  A 
spandrel-shaped  arch,  with  its  horizontal  top  chord,  could  hardly  be 
considered  seriously,  as  it  is  neither  fit  for  a  very  long  span  nor  for  a 
high  rise.  Of  all  the  diflferent  types  of  arches,  the  writer,  in  all  prob- 
ability, would  have  selected  as  the  most  suitable  the  crescent  form, 
the  chords  of  which  intersect  at  the  springing.  This  form  is  the  most 
economical  among  all  the  two-hinged  statically  indeterminate  arches, 
and  is  excellently  adapted  for  a  long  span  and  a  high  rise.  With 
moderate  temperature  stresses  it  combines  great  uniformity  in  the 
chord  stresses,  so  that  each  chord  could  be  built  of  uniform  section 
from  end  to  end  and  without  any  great  waste  of  material.  The 
approaches  could  be  viaducts,  the  erection  of  the  arch  be  effected 
cantilever-fashion,  and  the  trusses  be  given  an  inclined  position, 
■whereby  any  amount  of  lateral  stability  is  obtained. 

Mr.  Lindenthal's  idea,  to  have  the  Kinzua  Viaduct  designed  to  last 
for  centuries,  cannot  be  taken  seriously,  for  very  obvious  reasons. 

The  doubling  of  the  traction  stresses,  as  Mr.  Lindenthal  thinks, 
is  not  warranted  by  the  facts.  To  a  given  traction  stress  corresponds 
a  longitudinal  deflection  of  the  toj)  of  the  tower,  and,  while  the  play 
of  the  intermediate  spans  is  sufficient  for  the  changes  of  temperature, 
it  is  entirely  inadequate  to  double  the  traction  stresses. 

One  of  his  statements  in  connection  with  this  subject  reads: 
*'  There  can  be  no  bending  moment  at  the  top  of  the  towers  worth 
considering;  "  and,  a  few  lines  below^,  there  is  the  following  question; 

"And  does  not  the  bending  of  the  towers  subject  the  riveted  con- 
nections (of  the  track  girders)  at  their  tops  to  large  bending  strains, 
for  which  these  connections  are  not  adapted  ?  " 

The  writer  believes  that  Mr.  Lindenthal  will  find  it  hard,  if  not 
impossible,  to  give  a  satisfactory  explanation  for  this  bare  contra- 
diction. 

A  reversal  of  stresses  in  some  jaarts  of  the  towers  occurs  only  under 
extreme  conditions  and  at  rare  intervals,  so  that  Mr.  Lindenthal's 
apprehensions  are  more  imaginative  than  real.  The  change  in  length 
of  the  track  stringers,  due  to  a  change  of  temperature  of  75°  Fahr., 
is  about  10  ins.,  and,  since  the  structure  is  only  about  2  000  ft.  long, 
]\Ir.  Lindenthal  thinks  that  one  dilatation  joint  at  each  end  is 
sufficient  to  take  care  of  the  longitudinal  motion,  but  as  he  fails  to 
explain  in  what  manner  these  expansion  joints  are  supposed  to  annul 
the  eff'ect  of  a  longitudinal  force  of  about  800  tons  on  the  viaduct,  the 
waiter  cannot  discuss  his  suggestion.  His  cloudy  views  of,  and  preju- 
dice against,  the  general  design,  have  prompted  him  to  a  criticism 
which  is  not  justified  by  the  facts  involved  in  this  case. 
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Mr.  (irimni.        "Witli  regard  to  the  omission  of  diagonals  in  the  transverse  faces  of 
the  towers,  he  asks: 

"Does  that  arrangement  produce  a  more  rigid  eonstrnction 
laterally '?  It  is  obvious  that  a  deflection  diagram  of  the  tower 
bents  at  right  angles  to  the  track  would  furnish  the  emphatic  answer 
'No.'" 

A  mere  dictum  is  not  equivalent  to  a  proof.  No  engineer  will  earn- 
estly dispute  the  fact  that  he  only  is  entitled  to  an  extreme  judgment 
who  combines  his  practical  experience  with  the  most  searching  ana- 
lytical examination  of  a  structure,  by  which  means  its  true  nature  is 
disclosed.  Mr.  Lindenthal  has  not  even  given  the  least  demonstra- 
tion of  any  sort,  not  to  mention  a  rigid  mathematical  discussion,  to 
prove  the  truth  of  his  assertion. 

In  view  of  these  facts  the  writer  rejects  the  above  quoted  state- 
ment as  also  other  bold  but  groundless  statements,  as  worthless. 

Mr.  Cilley  complains  about  the  nature  of  the  analysis  used.  To 
characterize  his  standpoint  it  will  be  best  to  quote  his  own  statements 
from  difi"erent  sources.  In  the  discussion  of  his  paper  on  Indeter- 
minate Frameworks,*  he  expresses  himself  as  follows: 

"The  use  of  methods  of  calculation  based  on  the  principle  of  vutual 
'Velocities  '  or  'Displacements  '  or  '  Work,'  as  it  is  variously  termed,  or 
which  result  from  the  princijile  of  least  work,  which  is  simply  an  in- 
tegral form  of  the  preceding,  is  the  simplest  as  well  as  the  most  correct 
means  of  determining  changes  in  stress  and  strain  in  indeterminate 
structures.  Where  such  structures  exist,  and,  therefore,  must  be  ex- 
amined, the  writer  most  strongly  approves  the  use  of  these  methods. 
And  in  designing,  if  engineers  will  use  indeterminate  forms,  these 
methods  are  still  to  be  preferred." 

Apparently,  his  mind  has  undergone  a  remarkable  change  in 
reference  to  the  principle  of  least  work,  for  he  writes  in  the  present 
discussion  regarding  it: 

"  What  are  its  merits  and  demerits  as  a  working  method?  it  may  be 
asked.  It  may  be  used  almost  mechanically,  and  therefore  saves 
thought,  but  at  the  expense  of  understanding.  Like  most  integral 
theorems,  it  is  a  sort  of  blanket  which  hides  the  details  and  prevents 
the  perception  of  the  significance  and  purpose  of  the  procedure." 

In  respect  to  the  diffusion  of  the  principle  of  least  work,  Mr.  Cilley 
is  quoted  from  the  first-named  source,  when  he  says  of  himself:  "  The 
writer's  point  is  that  while  the  methods  just  referred  to  are  the  best 
known,"  etc.,  but  in  the  present  discussion  he  speaks  of  the  principle 
of  least  work  as  of  "a  principle  so  little  known  and  less  under- 
stood," etc. 

It  is  to  be  regretted  that  he  did  not  put  on  record  some  illus- 
trations of  "  almost  mechanical  "  ai^plications  of  the  principle  of  least 
work  in  the  solution  of  engineering  problems.  Comments  on  his  con- 
tradictions are  superfluous. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xliii,  page  426. 
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Mr.  Cilley  accuses  the  writer  of  liaving  committed  an  error  ou  Mi- 
account  of  the  integrations  for  tbe  vertical  heights  instead  of  for 
the  lengths  of  the  columns.  -The  writer  did  integrate  for  the  vertical 
heights  for  the  sake  of  simplification,  which  involved  no  error  at  all 
in  that  sense  underlying  Mr.  Cilley's  remark.  Let  us  assume  a  beam, 
loaded  at  its  extreme  end  with  a  horizontal  force  P  (see  Fig.  15). 
The  determination  of  the  horizontal  deflection  8  in  the 
direction  of  P  requires  an  integration  for  the  axis  of  the 
beam,  but,  if  the  angle  a  is  not  too  large,  we  integrate 
for  the  vertical  height  for  the  sake  of  simplification,  and 
while  it  is  true  that  an  error  has  been  committed,  for 
all  practical  purposes,  this  error  can  be  neglected  as 
being  too  small  to  be  considered.  In  the  examination 
of  flat  arches,  for  instance,  we  j^roceed  in  like  manner 
and  use  the  differential  dr  instead  of  the  arc  element 
<ls.  Similar  reasons  prompted  the  writer  to  per- 
form the  integrations  as  he  did.  The  same  misleading 
statement  is  repeated  by  Mr.  Cilley  in  regard  to  the 
unknowns  of  the  bents,  when  he  says  of  the  writer: 
"This  is  in  consequence  of  his  neglect  of  certain 
factors." 

Mr.  Cilley  seems  to  be  unconscious  of  the  fact  that  the  influence  of 
axial  and  shearing  forces  on  the  final  result  is  small  compared  with 
that  of  the  bending  forces,  a  fact  so  widely  known  that  it  is  wasting 
time  to  dwell  on  this  subject  longer. 

We  will  now  turn  our  attention  to  the  omission  of  diagonals  in  the 
transverse  faces  of  the  bents  and  to  the  deflections  of  the  towers, 
treating  the  latter  as  free  standing  cantilevers,  although,  strictly 
speaking,  they  are  not. 

Believing  that  a  comparative  computation  of  the  deflections  would 
be  welcome,  the  writer  examined  the  deflections  due  to  bending  of  five 
diflerent  bents,  the  same  as  are  described  in  the  parser,  and  also  the 
deflection  of  an  articulated  bent,  corresponding  in  its  height,  155  ft. 
2  ins.,  to  a  three-story  bent  as  built,  but  having  five  stories  instead  of 
three,  for  obvious  reasons  (see  Fig.  17). 

The  wind  load  is,  of  course,  the  same  for  all  bents,  and  equal  to  that 
assumed  in  the  paper. 

Each  half  of  a  bent  is  statically  determinate;  and,  the  exterior 
forces  being  all  known,  the  deflection  can  be  determined. 

The  calculations  of  the  deflections  proceed  from  the  ' '  Theorem  of 
the  Derivative,"  which  is  expressed  as  follows:  The  displacement,  in 
the  direction  of  an  external  force,  of  its  point  of  application,  equals  the 
partial  derivative  with  respect  to  the  force  of  the  work  of  deformation 
of  the  frame. 

Mathematically  expressed,  the  deflection  Dj  of  the  stift"  l)ent  sub- 
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Mr.  Grimm.       jected  to  moments  and  Dj  of  tlie  articulated  bent  appear  under  the 
form 

J  EI^  SP    ^    ^^> 

*^  =  2|^+|| (2) 

lu  Equation  (2),  S  designates  the  stress  in  any  bar;  L  the  length  of 
that  bar;  and  A  its  sectional  area.  The  other  letters  in  Equations  (1) 
and  (2)  have  the  same  meaning  as  in  the  paper. 

The  stress  S  can  be  exjjressed : 

S  =  tTi  P,  +  a.  P.,  4-  a.  P.,-\-  ....  a„,  P  „,  +  ....+  a,^  P„; 
and  the  partial  differential  coefficient,  with  respect  to  any  of  the  ex- 
ternal forces,  as  for  instance  P,„,  would  be: 

TP;„  =  "^"" 

a,„  is  the  stress  in  any  bar  of  the  frame,  if  all  the  exterior  forces  P  are 
supposed  to  be  removed,  excepting  P„,,  for  which  is  substituted  a 
force  :=  1. 

The  meaniug  of  a^,  a.,,  a-^,  etc.,  is  similar  to  that  of  a,„. 

The  term  gives  the  alteration  in  the  length  of  any  bar  in  the 

frame,  and  if  we  substitute  for  this  term  the  play  in  the  pinholes, 
Equation  (2)  can  be  used  to  determine  both  the  elastic  and  the  non- 
elastic  deflection.     In  Fig.  17  the  stresses  "  tt  "  are  put  in  brackets. 

The  integrations  or  summations,  as  the  case  may  be,  must  be  ex- 
tended over  the  whole  frame. 

Since  the  lengths  are  given  in  feet  and  the  forces  in  tons  for  the 
stiff  bent,  the  moments  of  inertia  must  be  reduced  to  feet  and  the 
modulus  of  elasticity  to  tons  and  the  square  foot. 

The  deflections  of  the  tops  of  the  five  bents,  computed  from  the 
data  given  in  the  paper,  are  as  follows: 

.1-story  bent,  31  ft.  2  ins.  high  on  centers,  ^V  in. 

2  "  93  "  2  "         "  "  M    " 

3  "  155  "  2  "         "  "  tV    " 

4  "  217  "  2  "         "  "  Hi-ins. 

5  "  279  "  2  "         "  "  2i     " 

The  total  deflection,  elastic  and  non-elastic,  of  the  articulated  bent 
amounts  to  l^f  ins. ;  the  play  in  the  pinholes  is  supposed  to  be  -r-,  in., 
while  that  of  a  three-storv  riveted  bent  of  triangular  form   is  only 

The  assumed  sections  of  the  columns  in  the  articulated  bent  are 
the  same  as  those  in  the  riveted  one,  but,  if  such  a  frame  had  been 
built,  no  such  sections  would  have  been  used;  on  the  contrarv    the 
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Mr.  Grimm,  eoluum  sections  woiild  have  been  mxicli  smaller,  corresponding  to  a 
larger  deflection  than  that  of  l|f  ins. 

The  deflections  compare  very  favorably  indeed  with  those  of  any 
other  form  of  bent,  articulated  or  not,  and  this  circixmstance  is  due  to 
its  triangular  form  and  deep  and  very  rigid  header. 

Every  frame  has  somewhere  a  critical  point,  so  that  if  a  force  is 
applied  at  this  point,  it  will  show  its  least  resistance  to  distortion. 

For  a  bent  of  the  usual  form,  this  critical  point  is  at  the  toja,  and, 
unfortunately  for  this  bent,  it  is  at  the  top  where  the  principal  Avind 
forces,  as  well  as  all  the  dynamic  forces,  are  applied. 

This  statement  is  not  api^licable  in  its  full  force  to  the  present 
bent,  because  a  riveted  triangular  frame  shows  its  greatest  resistance 
to  distortion  if  forces  are  applied  at  the  apex. 

While  it  is  apparently  evident  in  itself  for  the  critics  in  general, 
requiring  no  demonstration  of  any  sort,  that  a  triangular  bent  deflects 
very  considerably  more  than  an  isosceles  trapezoid,  the  mathematical 
examination  shows  this  view  to  be  erroneoias.  Articulated  high  bents 
are  cajjable  of  large  swaying  motions,  as  it  were,  but  a  stiff  and  massive 
triangle,  the  simplest  form  of  a  bent,  with  a  very  rigid  apex,  the  prin- 
cipal point  of  ajiplication  of  the  forces,  properly  designed,  with  due 
regard  to  minimizing  the  bending  stresses  and  the  deflections,  will 
perform  legitimate  vibrations. 

The  wind  stresses  in  the  transverse  diagonals  are  comparatively 
small,  and  decidedly  so  toward  the  bottom  of  the  towers.  The  ques- 
tions may  now  be  asked:  Is  it  really  such  an  undertaking,  as  some  of 
the  critics  have  imagined  it  to  be,  to  replace  these  diagonals,  with  their 
small  stresses,  by  massive  fixed  connections,  at  the  same  time  changing 
the  bent,  a  very  important  and  very  advantageous  step,  into  a  triangle? 
And  is  a  frame  of  a  few,  but  very  sixbstantial,  members  not  more  fit  to 
stand  the  effect  from  the  passage  of  trains,  than  a  frame  of  very  many 
but  rather  light  members? 

If  the  present  bents  would  leave  something  to  wish  for,  that,  in  the 
writer's  opinion,  would  be  no  argument  against  their  use,  because 
every  design  is  capable  of  improvement. 

Although  the  workings  of  a  frame  can  only  be  judged  by  the 
analysis,  Mr.  Morison  nevertheless  clearly  recognized  the  importance 
of  the  principal  features  of  this  design,  when  he  made  the  statement 
that  it  is  possible  to  build  such  a  structure  perfectly  secure  ;  and,  com- 
ing, as  it  does,  from  so  distinguished  an  engineer,  it  commands  respect. 

It  is  a  well-known  fact  that  the  requirements  of  economy  call  for 
the  least  number  of  sixbstantial  members  in  a  structure,  instead  of  for 
a  multitude  of  slender  pieces;  and,  in  order  to  make  a  fau'  comparison, 
bents  as  well  as  towers  should  be  compared  with  respect  to  weight,  ease 
and  quickness  of  manufacture  and  erection,  etc. 

It  does    not  seem   to  need    an   argument   to    show   that   the   sub- 
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stitution  of  two  compression  diagonals  for  an  intermediate  strut  can  Mr.  Grimm, 
only  be  made  at  an  expense  of  metal — and  in  point  of  weight  it  would 
be  still  worse  if  two  diagonals  together  with  a  strut  were  used — as 
the  average  combined  length  of  the  two  diagonals  in  each  story  ife 
about  three  and  one-half  times  as  great  as  the  length  of  the  strut. 
The  weight  of  the  web  members  in  the  transverse  faces  of  high  bents 
of  ordinary  construction  is  entirely  out  of  proportion  to  the  stresses  in 
these  members,  and  the  weight  of  that  mass  of  longitudinal  secondary 
bracing  used  as  a  jsrop  to  prevent  the  transverse  members  from  a  col- 
lapse, is  a  very  large  item  indeed  in  tall  towers.  In  siich  a  case,  where 
is  the  economy?  It  must  also  be  borne  in  mind  that  in  the  jiresent 
case  a  considerable  weight  could  have  been  saved  if  the  towers  had 
not  been  built  all  alike  in  their  sections  from  their  toj^s  down. 

While  stresses  and  sections  in  a  bent,  as  usually  built,  are  entirely 
■out  of  jjroportion,  there  is  in  the  triangular  form,  on  the  whole,  a  far 
better  harmony.  The  intermediate  struts  in  the  Kinzua  Viaduct  have 
been  built  with  jiarallel  chords,  for  practical  reasons,  giving  them  a 
surplus  of  metal  around  their  centers,  where  it  was  not  necessary. 
These  struts  do  not  need  to  be  straight.  Fig.  16  shows  the  highest 
bent  with  curved  cross-pieces,  supposed  to  be  box-shaped,  struts  and 
brackets  all  in  one  piece  and  fork-like  at  the  ends,  so  that  they  can 
take  the  firmest  grip  on  the  columns. 

In  a  design  like  this  the  metal  in  the  struts  can  be  distributed  so 
as  to  meet  in  the  best  possible  manner  the  requirements  of  the  stresses. 
It  is  also  quite  feasible  to  design  a  true  triangle  by  making  the  longi- 
tudinal axes  of  the  columns  to  intersect  on  the  horizontal  top  edge  of 
the  header,  the  latter  to  be  cantilevered  to  take  the  stringers. 

The  question  whether  a  triangle  can  be  so  designed  as  to  carry  a 
double-track  railway,  is  best  decided  by  an  investigation  of  the  stresses 
and  details. 

An  increase  in  the  stability  by  using  a  greater  batter  involves  a  con- 
siderable outlay  of  money  for  the  usual  form  of  bent,  but  not  so  for  a 
portal-braced  triangle. 

If  intermediate  struts  with  curved  ends  were  used,  as  shown  in  Fig. 
16,  the  increase  in  weight  of  these  struts  would  be  effected  by  length- 
ening the  central  j^arts,  where  the  struts  are  the  shallowest,  and, 
although  the  length  of  the  columns  is  somewhat  increased,  it  must  not 
be  forgotten  that  the  bending  moments  of  the  frame  decrease — as  also 
the  deflections — with  an  increase  of  batter;  so  that,  on  the  whole,  a 
greater  stability  can  be  obtained  Avith  the  j^ortal-braced  triangle  at  a 
lesser  cost. 

There  are  two  more  points  not  mentioned  by  the  discussers. 

Althoixgh  we  hear  a  good  deal  about  the  statical  determinateness  of 
toAvers,  as  ordinarily  built,  they  are  in  reality  statically  indeterminate, 
and  even,  quite  often,  highly  so. 
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irimm.  Omitting  the  intermediate  struts  in  either  the  longitudinal  or  trans- 
verse faces,  and  using  in  each  story  two  crossed  diagonals  and  a  strut 
at  toji  and  bottom,  we  have  a  singly  statically  indeterminate  frame, 
and  if,  besides  the  diagonals,  intermediate  struts  are  used,  as  is  done 
very  often,  we  i^roduce  a  frame  that  is  n  fold  statically  indeterminate, 
if  there  are  n  stories. 

The  second  factor  to  be  dealt  with  in  such  a  frame  is  the  bending 
stresses  due  to  the  fixed  joints.  As  a  matter  of  fact,  the  constructor 
completely  ignores  the  statical  indeterminateness  in  his  computations 
by  the  simple  sui3i3osition  that  it  is  non-existent,  assuming  frictionless- 
pins  instead  of  fixed  joints. 

Although  it  is  true  that  some  constructors  minimize  the  bending 
stresses  by  skilful  designing,  others,  apparently,  do  not  pay  the  slight- 
est attention  to  them. 

In  a  case  like  that  iiuder  discussion,  all  stresses  must  be  examined, 
and  herein  the  writer  sees  an  advantage. 

The  second  point  deserving  to  be  mentioned  is  the  appearance  of  a 
portal-braced  triangle,  which  is  far  ahead  of  that  of  a  very  slim  and 
ugly  looking  tower  with  its  many  pieces,  impressing  one  more  with  the 
idea  of  a  huge  bird  cage  than  anything  else.  In  concluding  this  dis- 
cussion it  will  be  necessary  to  add  some  notes  with  respect  to  frames, 
the  diagonals  of  which  have  been  replaced  with  fixed  joints. 

The  frames  considered  are  supposed  to  be  symmetrical  in  form  as 
well  as  in  distribution  of  material  about  a  vertical  axis;  and  the  forces 
applied  to  them  are  assiimed  to  act  in  the  planes  of  these  frames. 

In  the  i^aper  the  writer  stated  that  a  one-story  bent,  fixed  at  the 
bottom,  is  a  threefold  statically  indeterminate  structure.     Assuming- 
for  the  present  that  the  exact  values  of  the  three  unknowns  in  the  top 
story  of  a  two-story  bent  were  known  and  these  unknowns  as  exterior 
causes  applied  to  the  bottom  story,  there  would  still  be  three  more  un- 
knowns left  to  be  determined,  so  that  we  have  six  unknowns  in  all  for  a 
two-story  bent.     And,  in  general,  a  bent  of  n  stories  has  3  n  unknowns. 
The  caiises  which  may  influence  a  truss  of  this  kind  are  as  follows : 
1. — Bending  forces. 
2. — Axial  forces. 
3. — Shearing  forces. 
4. — Uniform  change  of  temperature. 
5. — Non-uniform  change  of  temperature. 

6. —Displacements  of  the  ijoints  of  application  of  the  reactions. 
7. — Misfits  of  the  bars  composing  the  frame. 
The  condition  equation,  covering  the  foregoing  seven  causes,  is: 

T      d  T 
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In  this  equation: 

M  =  a  bending  moment; 

F  ^  a  direct  stress  or  axial  force; 

T  =  a,  shearing  force ; 

/  =  a  moment  of  inertia; 

^  =:  an  ai'ea; 

E  =  the  coefficient  for  extension  or  contraction  due  to  a  change 
in  temperature  of  1^; 

(q,  t^  and  t^  ^^  temperatures  according  to  certain  specified  as- 
sumptions and  laws; 

C  =  a  constant,  dependent  on  the  form  of  a  section; 

£■  =  the  modulus  of  elasticity,  expressing  relations  between 
longitudinal  strains  and  normal  stresses  in  the  same 
direction ; 

Ef  =  the  transverse  coefficient  of  elasticity,  expressing  rela- 
tions between  distortions  and  tangential  stresses  in  the 
same  direction. 

For  steel,  E,  =  ^E  to~E. 

R  is  the  work  of  the  reactions  done  under  the  supijosition  that  anv 
one  of  the  unknowns,  X  =  1. 

The  first  integral  refers  to  bending  moments,  the  second  to  axial 
forces,  the  third  to  shearing  forces,  the  fourth  to  a  uniform  change  in 
temperature,  as  also  to  misfits,  the  fifth  to  a  non-uniform  change  of 
temperature. 

It  is  customary  in  a  case  like  that  under  consideration  to  reject  any 
possible  influences  due  to  the  causes  under  4,  5,  6  and  7.  Of  the  re- 
maining causes,  under  1,  2  and  3,  the  bending  forces  are  by  far  the 
most  important,  as  the  influence  of  axial  and  shearing  forces  on  the 
final  results  is  too  small  to  be  considered.  A  few  examples  may  suffice 
to  illustrate  the  nature  of 
the  bents. 

The  two-story  frame, 
Fig.  20,  is  acted  upon  by 
two  concentrated  loads, 
one  at  each  panel  point,, 
-t  and  2,  respectively,  and, 
in  order  to  avoid  exten- 
sive calculations,  simple 
dimensions  have  been 
selected,  with  the  assump- 
tion of  a  uniform  moment 
of  inertia.  "We  will  con- 
sider bending  alone. 

Passing  a  cut  very  close  to  the  left  column  and  applying  at  each 
cut  and  at  each  of  the  two  fragments,  but  in  opposite  directions,  a 


Fig.  19. 
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Mr.  Giinim.  momeut,  a  shearing  force  and  an  axial  force  (see  Fig.  19),  the  equilibrium 
is  re-established  and  the  six  condition  equations  can  be  written  down 
at  once  and  solved. 

These  six  equations  are : 
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Each  of  these  six  integrals  must 
be  applied  to  each  bar  of  the  frame, 
the  results  added  together  and  put 
equal  to  zero,  so  that,  in  all,  six  new 
equations  are  obtained,  from  which 
the  unknowns  can  be  computed.  To 
illustrate  the  foregoing  statement, 
take  as  an  example  the  partial  diflfer- 
ential  coefficient  of  the  work  of 
deformation  of  the  frame  with  re- 
spect to  F,.  The  force  l\  leaves  Bar 
2  entirely  unaffected,  produces  a 
direct  stress  in  Bars  3  and  4  and  bending  in  Bars  1 

With  this  understanding,  we  have: 
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,  5  and  6. 
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The  indices  refer  to  the  bars,  and,  under  the  above  assumption, 
I^^  l^=  i;.. 

The  resulting  six  eqiiations,  after  performing  the  compiitation  of 
the  integrals,  are; 

—  18  3Io  —    6  31^   -\-  32  Fi  +  12  T^.  —  12  11^  —  3  //.,  =  0  ~ 

—  6  J/j  —  12  3Ig  -f  12  V^  +  20  T;  —  9  H^  —  S  H.,  =0 
-f  12  3Ij  +  9  3i;,'  —  12  F,  —  9  T"o  +  16  //i  +  5  H,  —  37  =  0 
+  S  3f,  +  3  iV,"^  —  3  Fi  —  3  F2  +  5  if,  +  2  i/o  —  12  =  0 
+  6  3/0  +  2  3/0'  —  6  Fi  —  2  F2  +  4  //i  +  H,—  9=0 
+    2  3Io  -f  ■    4  i¥y  —     2  F,  —    4  F,  +  3  i7i  -f      H,—    7  =  0 
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Solving  for  the  unknowns  we  liave: 

396 
228 

Fig.  21  shows  one  of  the  intermediate  panel  points  in  equilibrium 
nuclei^  the  influence  of  the  exterior  and  interior  forces.  The  small 
circles  indicate  the  i^oints  of  con-  .^^^ 

traflexure,  which,  for  the  struts, 
it  Avill  be  noticed,  are  at  their 
middle.  The  compression  in  the 
struts  equals  one-half  of  the  ex- 
terior concentrated  loads. 

A  variation  in  the  moments  of 
inertia  between  cohimns  and 
struts,  although  of  course  influ- 
encing the  bending  moments,  has 
no  influence  on  the  location  of 
the  points  of  contraflexure  of  the 
struts.  But.  if  besides  the  bend- 
ing forces,  the  axial  forces  had  ^^^ 
also  been  considered,  the  points  of 

contraflexure  of  the  struts  Avould  have  been  thrown  somewhat  out  of 
their  middle. 

If  the  influence  of  bending  forces  alone  is  examined,  a  procedure 
jjerfectly  legitimate  and  answering  all  practical  purposes,  and  if  it  is 
known  in  advance  that  under  this  condition  the  points  of  contraflexure 
of  the  struts  are  at  their  middle  and  their  compression  equal  to  one- 
half  of  the  i^anel  point  concentrations,  a  very  considerable  labor 
indeed  can  be  saved  by  computing  one  iiuknown  for  each  story  instead 
of  three,  as  the  writer  actually  did.  Passing  a  vertical  cut  through 
the  center  of  the  frame,  Fig.  20,  and  applying  F,  and  2,  as  also  F^and 
1  to  each  half  of  the  bent,  but  in  opposite  directions,  disregarding  the 
moments  at  the  cut,  as  no  moment  can  pass  it,  Ave  arrive  very  quickly 
at  the  two  equations: 

14  T-  +  G  v.,  —  27  =  0  ) 

6  F,  +  8  v.,  —  21  =  0  ) 
Solving  for  \'\  and  F„  we  find,  as  before: 
'      270        ,  ,^        396 
^'=228'^^*^^-'=  228- 
Fig.  18  shows  a  one-story  bent  of  the  viaduct 
centrated  wind  j^ressure  of  13.4  tons  at  the  top  : 
pressure  of  30  lbs.  -per  square  foot  on  the  column. 

The  influence  of  the  bending  forces  alone  will  be  examined. 
Separating  the  bent  by  a  cut  "a  —  /J  "  at  the  end  of  the  header. 


loaded  with  a  con- 
k1  a  uniform  wind 
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Mr.  Grimm,  and  applyiBg  at  the  cut  and  at  each  fragment,  but  in  opposite  direc- 
tions, a  moment  M,  a  transverse  force  V  and  an  axial  force  H,  we  obtain 
the  following  three  equations: 

—  603      r+     126  J/ +     1942     H=    13  515) 
+  9922.6  F—     6(13  il/—     9253     H=    47  010- 

—  9253      r  +  1  942  M  +  40  339.5  H  =  282  059  )    ■ 

The  values  of  the  unknowns  are: 

F=  15.8  tons;  H=  7.07  tons;  i»/=  73.7  foot-tons. 

The  point  of  contraflexure,  in  this  particular  case,  is  moved  a  little 
distance  out  of  the  middle  of  the  header,  and  this  fact  is  due  alone  to 
the  influence  of  a  uniformly  distrilnited  wind  j^ressure. 

If  the  bent  is  influenced  solely  by  the  concentrated  wind  pressiire 
of  13.4  tons,  the  three  equations  will  be: 

—    603      r-t-      126.5  J/ +      1942      H=    13  011^^ 


i)./_     9253     H=    45  046 
M  -f-  40  339.5  H  =  270  275  ) 


+  9922.6  F—     603 
^9253      T^+1942 
and  the  unknowns  are 

F=  15.2  tons;  iy=  6.7  tons;  M=  72.4  foot-tons, 

These  are  the  same  results  as  u- i 

given  in  the   paper.     The    point  J 

of  contraflexiire  of  the  header  is  " 
at  its  middle,  and  the  compres- 
sion of  the  header  equals  one-half 
of  the  wind  load.  For  all  ijracti- 
cal  purjjoses,  the  concentrated 
wind  pressure  will  be  found  to  be 
sufficiently  exact. 

The  very  small  influence  of 
axial  forces,  with  the  consequent 
shifting  of  the  points  of  contra- 
flexure of  the  cross-jiieces  out  of 
their  middle  is  shown  by  the  next 
example  (see  Fig.  22).-   A  B  C  D  ^  ^ 

represents  a  hinged  bent  with  a  Fig.  22. 

cross-strut  or  a  floor  beam  rigidly  riveted  between  the  tops   of   the 
columns,  and  acted  upon  by  a  single  concentrated  force  P  at  the  top. 
This  bent  is  singly  statically  indeterminate. 
Let     ir  =  the  width  of  the  bent ; 

li    =  "     height  "     '• 

/    =  "     moment  of  inertia  of  A  B  and  ('  I); 

I2  =  "  "  "        "         "  B  C; 

A  —  "■     area  of  B  V : 

J/=  any  bending  moment; 

-P^  =    "     axial  force; 

E  =  the  constant  modulus  of  elasticity; 

H  =  the  thrust  at  the  hinge  D  (unknown). 
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The  condition  equation  is 

The  writer's  investigation  gave  the  following  result: 

4-h  ''' 


V\.^AIi^Jil 

+    3  w  /i  +  ^  i 

The  third  term  in  the  denominator  is  due  to  the  intluence  of  axial 
forces,  and,  neglecting  this  influence.  Equation  (3)  becomes 

2^3  M)  /,       P 

^=^'-2¥X=T (4) 

+  3  w  /, 

Equation  (3)  shows: 

1. — That  the  influence  of  axial  forces  is  small  on  the  final  results, 
and 

2. — That  by  their  action  the  point  of  contraflexure  is  but  slightly 
moved  out  of  the  middle  of  the  cross-pieces. 

Equation  (4)  shows  that  the  point  of  contraflexure  of  the  cross- 
piece  is  exactly  at  its  middle,  if  axial  forces  are  neglected.  A  two- 
story  hinged  bent  has  four  unknowns,  but  if  we  know  in  advance  that 
the  consideration  of  bending  forces  alone,  together  with  concentrated 
exterior  loadings  at  the  panel  points,  leads  to  the  position  of  the 
points  of  contraflexure  of  the  cross-pieces  in  their  middle,  we  can  treat 
such  a  bent  as  a  singly  statically  indeterminate  structure. 

Of  course,  causes  other  than  the  axial  forces,  as  also  a  change  in 
the  exterior  loads,  will  cause  the  points  of  contraflexure  to  move  out 
of  the  middle  of  the  cross-pieces.  Investigations  like  the  foregoing- 
will  lead  to  considerations  of  trusses  with  diagonals,  be  they  canti- 
levers or  not. 

Much  more  could  be  written,  if  time  f)ermitted,  but  it  is  believed 
that  enough  light  has  been  thrown  on  the  subject  of  the  pajser  to 
show  that  it  cannot  be  disjjosed  of  by  mere  opinions  or  assertions, 
without  presenting  argument  or  evidence. 

In  conclusion,  attention  is  called  to  a  comparison  of  the  analytical 
results  with  those  obtained  graphically,  which  latter  are  quite  useful 
in  many  cases,  particularly  so,  it  a  design  is  governed  by  strong  sijeci- 
fications. 

The  arbitrary  assumption  in  the  graphical  method,  which  places 
the  points  of  contraflexure  of  the  columns  in  their  middle,  deprives 
the  problem  of  its  last  trace  of  difficulty,  and  lowers  the  mathematical 
treatment  to  the  level  of  a  kindergarten  method. 
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WITH   DISCUSSION. 


During  the  past  few  years  several  series  of  current  meter  oV)se}-va- 
tions  liave  been  carried  on  at  intervals  in  the  Metropolitan  Sewers  in 
the  vicinity  of  Boston,  Mass.,  for  the  purpose,  first,  of  obtaining  a 
suitable  means  for  recording  the  daily  flow  of  sewage  pumped  at  the 
various  pumping  stations,  and,  secondly,  of  studying  the  changes  in 
the  carrying  capacities  of  the  sewers,  due  to  the  deterioration  of  the 
internal  surfaces.  Data  for  the  flow  of  sewage  in  channels  of  large 
size  are  somewhat  scarce,  and,  therefore,  the  writer  feels  justified  in 
presenting  a  short  description  of  a  portion  of  the  work  which  he  thinks 
may  be  of  interest,  and  perhaps  of  service,  to  many. 

The  work  was  done  under  the  direction  of  William  M.  Brown,  Jr.  ^ 
M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Metropolitan  Sewerage 
Commission,  and  was  carried  out  iinder  the  immediate  charge  of  the 
writer. 
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The  portion  of  the  work  herein  described  consisted  of  three  series 
of  observations  made  in  the  channels  of  the  North  Metropolitan 
system,  below  the  Charlestown  and  the  East  Boston  pumping  stations. 
The  first  series  was  made  in  1896,  soon  after  the  pumping  stations  and 
systems  at  these  points  had  been  put  in  operation.  The  next  series 
was  made  in  1897,  after  these  channels  had  been  in  operation  about  two 
vears,  during  which  time  amjsle  opportunities  for  changes  in  the  carry- 
ing capacities  had  taken  place.  The  third  or  last  series  took  place  in 
1900,  and  was  made  just  previous  to  the  tests  of  the  additional  pump- 
ing plants  recently  installed  at  these  stations,  in  order  that  a  suitable 
rating  of  the  channels  could  be  made  for  obtaining  the  quantity  of 
sewage  discharged  by  the  pumps  during  these  tests. 

The  methods  used  in  carrying  out  these  sets  of  exjieriments  were, 
with  slight  modifications,  the  same  in  all  cases.  An  Ellis  current 
meter,  with  four  vanes,  and  provided  with  an  electrical  recording  in- 
strument, was  used.  Previous  to  each  series  of  observations,  it  was 
carefully  rated  over  a  course  varying  in  length  from  500  to  1  COO  ft., 
and  for  varying  speeds.  From  these  tests  a  rating  chart  was  con- 
structed for  use  in  the  calculations. 

The  points  selected  for  carrying  out  these  observations  were  at  man- 
holes located  some  distance  below  the  pumping  stations,  where  the  flow 
was  free  from  any  disturbing  influence  of  the  pumps.  The  points  were 
about  800  ft.  below  the  stations,  in  each  case,  and  were  far  removed 
from  any  changes  in  alignment,  cross-section  or  grade  of  the  sewer. 
Below  the  East  Boston  pumping  station  the  cross-section  of  the  sewer 
is  a  9-ft.  circle  of  12-in.  brick  work,  cement-washed,  with  a  hydraulic 
gradient  of  1 :  3  000.  Only  one  small  local  connection  enters  this  stretch 
of  sewer.  No  changes  in  grade  occur  within  a  distance  of  7  000  ft. 
below  the  pumping  station.  At  a  point  2  000  ft.  'below  the  ijvimping 
station,  there  is  a  change  from  a  circular  section  to  a  horse-shoe  sec- 
tion of  the  same  equivalent  area.  This  section  continues  for  a  distance 
of  2  000  ft.  and  then  returns  to  a  circular  section.  Below  the  Charles- 
town  pumping  station,  the  cross-section  of  the  sewer  is  6  ft.  x  6  ft.  8  ins. , 
basket-handle,  of  8-in.  brickwork,  cement-washed,  with  a  hydraulic 
gTadient  of  1:2  000.  The  cross-section  and  grade  are  uniform  for  a 
distance  of  about  5  000  ft.  below  the  piamping  station,  and  no  local 
connections  enter  the  sewer  within  this  distance. 

In  order  to  determine  whether  the  change  of  section  in  the  East 
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Boston  channel  would  have  any  apj^reciable  effect  on  the  flow  in  the 
circular  section  above  it,  simultaneous  observations  of  depth  were 
made  along  this  channel  for  various  rates  of  pumping.  These 
laeasurements  showed  that  no  sensible  variation  of  depth  of  flow 
occurred,  except  near  the  j'oint  where  the  cross-section  changes;  and 
that,  for  the  stretch  of  channel  where  the  observations  were  carried  on, 
the  flow  line  and  invert  were  sensibly  parallel.  Such  a  study,  below 
the  Charlestown  pumping  station,  was  not  deemed  necessary,  owing  to 
the  greater  length  of  uniform  section  and  grade. 

Before  operations  in  the  channel  were  commenced,  careful  gaugings 
of  the  cross-sections  were  made;  graduated  straight-edges,  provided 
with  plumb-bobs,  were  inserted;  suitable  gauges  erected  for  observing 
the  depth  of  flow  in  the  channel;  and  a  platform  hung  in  convenient 
position  from  which  to  operate  the  meter. 

For  the  purpose  of  determining  more  exactly  the  position  of  the  cur- 
rent meter  while  taking  observations,  a  modification  of  the  usual 
method  of  using  this  form  of  Ellis  meter  was  adopted.  The  meter  was 
run  upon  a  f-in.  graduated  steel  rod,  in  such  a  manner  that  it  could  be 
clamped  at  any  desired  position  along  the  rod.  In  taking  a  reading 
the  meter  was  immersed,  one  end  of  the  rod  was  placed  in  the  current, 
firmly  against  the  side  of  the  channel,  and  the  other  end  held  fu-mly  in 
the  hand  and  centered  at  a  definite  point  on  the  straight-edge — the 
straight-edge  being  secured  in  a  horizontal  position  across  the  channel 
and  slightly  above  its  center.  In  this  position  the  meter  rotated  freely 
ujaon  the  rod,  which  in  turn  could  be  held  in  any  direction  in  a  plane 
at  right  angles  to  the  axis  of  the  channel.  The  position  of  the  meter 
could  thus  be  located  in  the  following  manner:  By  a  distance  along 
the  steel  rod  from  the  wetted  perimeter  in  a  radial  line  from  the  central 
point  on  the  straight-edge;  a  vertical  position  in  reference  to  the 
horizontal  straight-edge,  measured  vertically  by  a  graduated  wire 
attached  to  the  central  axis  of  the  meter;  a  horizontal  distance 
measured  along  the  graduated  straight-edge  in  reference  to  the  vertical 
diameter  of  the  channel.  It  is  thus  seen  that  the  position  of  the  meter 
was  fixed  by  three  measurements,  of  which  only  two  were  necessary, 
the  third  one  affording  a  check.  In  fact,  too  much  attention  cannot 
be  given  to  this  point,  especially  with  channels  of  moderate  size,  and 
in  which  the  variations  of  the  velocity  in  the  cross-sections  may  be 
great. 
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In  taking  the  observations,  two  men  were  stationed  on  the  ])latform, 
one  to  hokl  the  meter  and  rod  in  the  desired  position,  the  other  to 
observe  the  vertical  and  horizontal  j^osition  with  reference  to  the 
straight-edge.  The  positions  of  the  meter  were  iistially  selected  in 
advance.  Beginning  with  the  meter  at  a  distance  of  0.25  ft.  from  the 
wetted  perimeter,  individual  velocity  readings  were  taken  successively 
at  each  foot  and  half-foot  to  the  right  and  left  of  the  vertical  diameter 
of  the  channel.  The  meter  was  then  run  tip  the  rod  to  a  distance  of 
0.5  ft.  from  the  wetted  perimeter,  and  a  second  set  of  readings  taken 
to  the  right  and  left  of  the  vertical  diameter,  and  so  on. 

On  the  surface  of  the  ground  a  third  man  recorded  the  revolu- 
tions of  the  meter  by  means  of  a  stop-watch  and  electrical  clock 
register.  As  an  Ellis  meter  of  this  type  registers  only  half  revolutions, 
and  as  the  intervals  for  single  readings  were  sometimes  necessarily 
short,  dial  readings  of  the  electrical  instrument  were  not  used,  but, 
instead,  the  revolutions  were  counted  directly  by  means  of  the  stop- 
watch and  by  listening  to  the  click  of  the  electrical  register.  A 
fraction  of  a  revolution  could  thus  be  easily  estimated.  The  interval 
for  each  single  observation  was  usually  1  minute,  but  ranged  from  30 
seconds  to  2  minutes,  according  to  the  time  available  for  a  complete 
cross-sectional  measurement.  If  run  for  a  longer  interval  than  2 
minutes,  it  was  found  that  the  interferences  from  clogging  and  the 
interruptions  of  the  electrical  recording  appai'atus  became  so  numerous 
as  to  interfere  seriously  with  the  measurements. 

Between  each  of  the  individual  readings  the  meter  was  taken  out 
and  carefiilly  inspected  to  determine  whether  any  foreign  matter  had 
lodged  upon  it  in  such  a  way  as  to  affect  its  correct  registration.  The 
frequency  with  which  such  small  interferences  occurred  seemed  a 
serious  draw-back  at  first,  but  by  selecting  a  suitable  time  interval,  by 
careful  inspection  of  the  meter,  by  noting  carefully  any  deviation  in 
the  initial  rate  at  which  the  meter  registered  when  first  immersed,  and 
by  comparing  the  consistency  in  the  final  results,  errors  from  such 
sources  were  easily  determined.  All  suspicious  readings  were,  of 
course,  repeated,  and  frequent  check  readings  were  made  during  a 
cross-sectional  measurement. 

Before  starting  a  cross-sectional  determination  for  any  given  depth, 
the  pumping  at  the  station  was  maintained  at  a  uniform  rate  until  the 
flow  had  become  constant  and  free  from  any  possibility  of  accelera- 
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tion  or  back-water.  This  was  easily  determined,  by  frequent  gauge 
readings  at  the  observation  manhole,  and  when  uniform  flow  was  once 
established  it  was  maintained,  within  close  limits,  nntil  the  desired 
number  of  meter  readings  had  been  taken.  These  conditions  were 
easily  maintained,  except  when  the  j)umping  was  at  a  rate  different 
from  the  normal  rate  of  flow  in  the  sewer,  in  which  case  the  pumps 
were  working  against  a  variable  lift  and  required  constant  changes  in 
the  speed  in  order  to  maintain  a  constant  discharge.  During  observa- 
tions with  low  flows,  the  sewage  stored  up  in  the  suction  sewer  was 
utilized  in  furnishing  an  increased  discharge  for  high  rates  of  flow. 

In  working  up  the  results  of  these  measurements,  graphical 
methods  were  used  entirely.  Cross-sections  of  each  channel,  to  suit- 
able scale,  were  plotted  from  the  actual  gaugings  taken  in  the  sewer 
at  the  observation  manhole. 

A  sei^arate  sheet  of  cross-section  paper  was  devoted  to  each  sec- 
tional measurement,  and  iipon  it  were  plotted  the  sewer  section,  the 
straight-edge,  the  average  water  line,  and  the  varioiis  positions  of  the 
current  meter  during  the  sectional  measurement,  with  the  correspond- 
ing velocities  comjauted  from  the  fleld  notes  and  rating  chart.  Vertical 
and  horizontal  lines  were  then  drawn  so  as  to  include  as  many  positions 
of  the  meter  as  possible,  and,  by  means  of  these,  suitable  horizontal 
and  vertical  velocity  curves  were  constructed.  The  method  previously 
described  for  placing  the  meter  in  position,  during  the  observations, 
brought  most  of  the  positions  of  the  meter  on  vertical  lines  at  even 
distances  on  each  side  of  the  vertical  diameter.  This  was  not  the  case 
with  the  horizontal  lines,  although  the  points  lie  sufiiciently  clo^e  to 
the  selected  horizontal  lines  to  approximate  closely  the  desired 
jjurpose.  From  these  horizontal  and  vertical  velocity  curves,  points 
on  the  cross-section  were  obtained,  through  which  iso- velocity  curves 
could  be  drawn  and  the  fluid  prism  calculated.  It  will  be  seen  that 
such  a  set  of  auxiliary  horizontal  and  vertical  curves  gives  independent 
locations  of  points  for  the  iso-velocity  curves,  and,  when  there  was 
any  apparent  disagreement,  the  mean  location  of  the  j^oiut  was 
adopted. 

This  method  of  developing  a  sectional  measurement  is  shown  in 
detail  in  Fig.  1,  the  xapper  set  of  diagrams  corresponding  to  No.  I  of 
the  Charlestown  series  of  1900,  and  the  lower  set  to  No.  IV  of  the  East 
Boston  series  of  1900. 
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The  volumes  of  the  fluid  jDrisms  were  computed  according  to  the 
;prismoidal  formula,  and  the  results  were  tabulated  and  compared  with 
the  Kutter  formula  according  to  values  of  n.  From  a  comparison  of 
these  values,  a  suitable  value  of  n  was  then  selected,  from  which, 
with  the  geometrical  elements  of  the  cross- section,  a  discharge  table 
could  be  constructed  for  use  at  each  inimping  station. 

The  results  of  these  observations,  arranged  in  series  according  to  the 
l^eriods  at  which  the  observations  were  made,  are  shown  in  Table  No.  1. 

TABLE  No.  1. 
Seeies  of  July,  1896.     Charlestown  Pumping  Station. 


No. 

Depth. 

Q.  in  cubic  feet 
per  second. 

Mean  velocity. 

Hydraulic 
radius. 

C. 

n. 

I        

1.02 
1.44 
1.91 
2.40 

2.89 

8.60 
16.59 
26.81 
38.82 
52.90 

1.99 
2.46 

3.44 

0.'958 
1.187 
1.387 
1.539 

107 
112 
115 
118 
124 

0.0129 

II        

0.0131 

Ill 

0.0132 

IV 

0  0133 

V.::: 

0.0130 



Sekies  of  July,  1896. 

East  Boston  Pumping  Station. 

J 

1.02 
1.53 
2.04 
2.45 
3.16 
3.75 
4.02 

6.10 
15.67 
29.40 
42.18 
69.50 
94.60 
138.00 

1.58 
2.21 
2.70 
3.03 
3.48 
3.73 

0.619 

1:208 
1.408 
1.830 
1.999 
2.309 

110 
126 
134 
139 
141 
145 
150 

0.0122 

II 

0.0117 

Ill 

0.0116 

IV 

0.0115 

V 

0.0117 

TI 

VII 

0.0116 
0.0115 

Sekies  of  December,  1897.     Charlestown  Pumping  Station. 


I 

11 

2.91 
3.29 

45.67 
56.14 

2.97 
3.16 

1.540 
1.650 

107 
111 

0.0149 
0  0147 

Series  of  November,  1897.     East  Boston  Pumping  Station. 


I           .  ... 

2.15 
2.74 
3.19 
3.20 

30.13 
47.75 
62.05 

64.82 

2.55 
2.90 
3.06 
3.18 

1.280 
1.560 

If? 

123 
127 
126 
1.31 

0  0126 

II 

0  0127 

III 

0.0129 

IV 

0  0126 

Series  of  June,  1900. 

Charlestown  Pumping  Station. 

I 

2.29              30.82 
2.78              41.39 
3.26     1          52.96 

2.66 

2.86 

3.04 

1.342 
1.508 
1.645 

102 
104 
106 

0.0151 

II          

0  0152 

Ill 

0-0152 

Series  of  April,  1900.     East  Boston  Pumping  Station. 


T 

11 

Ill 

IV 

1.99 

3!64 

4.18 

24.96 
48.26 
76.78 
95.84 

2.82 
3.16 
3.30 

1.120 
1.606 
1.952 
2.130 

119 
121 

124 
124 

0.0130 
0.01.32 
0.01.33 
0.0136 
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In  July,  1896,  the  system  at  these  points  had  been  in  operation 
about  10  months,  and  the  masonry  was  in  almost  its  original  condition. 
The  sides  of  each  sewer,  above  and  below  the  average  water  line,  were 
covered  with  a  thin  coating  of  grease  of  a  leaden  color,  and  supported 
an  organic  growth — jjrobably  of  a  fungus  nature,  as  probably  no  light 
ever  entered  the  sewer,  except  temj)orarily. 

The  condition  of  the  sewers  in  November  and  December,  1897,  after 
a  continuous  service  of  2  years  and  2  months,  was  similar  to  that  at  the 
time  of  the  1896  observations.  There  were  slight  incrustations  at  fre- 
quent intervals,  due  to  barely  visible  seepage  of  ground-water,  and 
the  growth,  though  not  much  heavier,  covered  a  greater  area  on  the 
sides  of  the  sewers. 

The  condition  of  the  channels  in  April  and  June,  1900,  after  a  con- 
tinued use  of  3  years  and  9  months,  was  not  much  different  from  that 
which  obtained  during  the  1897  observations.  The  incrustation  seemed 
to  be  slightly  greater,  but  the  organic  growth  did  not  show  any  marked 
increase  over  that  present  in  1897. 

A  discussion  of  any  observations  such  as  these  should  be  made  with 
caution,  and  the  following  remarks  are  offered  more  as  suggestions 
than  as  the  writer's  views.  It  will  be  seen,  first,  from  a  hydraulic 
standpoint,  that  the  results  of  the  individual  observations  of  any  one 
series  show  a  slight  lack  of  uniformity,  and,  when  compared  according 
to  values  of  n,  do  not  arrange  themselves  in  any  definite  order.  This 
may  be  due  to  slight  inaccuracies,  from  various  sources,  in  dealing 
with  a  fluid  of  the  nature  of  sewage;  or  to  relative  variations  in  the 
condition  of  the  internal  surfaces  at  the  different  depths  of  flow;  or, 
perhaps,  to  the  variation  in  the  composition  of  the  sewage  itself. 
However  this  may  be,  it  is  found  that  if  the  different  series  themselves 
be  compared,  these  slight  differences  fade  in  importance,  and  the 
results  show  a  much  greater  uniformity.  This  is  illustrated  more 
clearly  in  Table  No.  2,  which  gives  the  average  values  of  n,  in  the 
three  series,  for  each  channel,  arranged  in  the  order  of  time. 

TABLE    No.    2. — Values    of    u    fok    the    Chaelestown    and    East 
Boston  Channels. 


1896. 

1897. 

1900. 

Charlestown  channel 

0.0131 
0.0117 

0.0148 
0.0127 

0  0152, 

East  Boston  channel    

0  0133 
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If  the  results  in  Table  No.  2  be  plotted,  as  shown  in  the  diagrams 
on  Fig.  1,  -with  the  horizontal  scale  representing  time  intervals  from 
the  date  of  opening  of  each  system,  and  the  vertical  scale  representing 
the  tabulated  values  of  n,  and  a  curve  be  sketched  through  them,  we 
might  generalize  as  follows : 

(1)  Both  curves  are  similar;  the  Cbarlestown  channel  curve  being 
the  steeper,  and  indicating  a  greater  change  in  internal  friction. 

(2)  Both  curves  show  a  sharp  rise  near  the  origin,  indicating  that 
the  greatest  change  in  internal  surface  took  place  soon  after  the 
channels  were  put  in  operation. 

(3)  That  if  the  curves  be  projected  back  to  the  vertical  axis,  they 
show  roughly  the  same  initial  coefficient  of  friction  n,  between  0.010 
and  0.011,  the  Charlestown  channel  giving  slightly  the  higher  value. 

In  comparing  these  changes  in  the  values  of  n  with  the  actual  con- 
dition of  the  channels,  it  should  be  kept  in  mind  that  the  East  Boston 
channel  is  of  3  ft.  greater  diameter  than  the  Charlestown  channel,  that 
the  invert  of  the  East  Boston  channel  is  ajDprosimately  3  ft.  above 
mean  low  water,  while  the  Charlestown  channel  is  4  ft.  below  mean 
low  water,  and  that  the  East  Boston  channel  receives  relatively  less 
storm  water  than  the  Charlestown  channel,  and  is,  consequently,  sub- 
ject to  less  fluctuation  of  water  surface.  The  importance  of  this  last 
influence  is  evident  from  the  fact  that  the  dejoosit  of  both  grease  and 
organic  growth  appeared  in  greater  abundance  on  the  sides  of  the 
channels,  and  was  greatest  near  the  line  of  average  flow.  On  the  bot- 
tom of  the  channel  there  was  practically  no  deposit;  resulting,  no 
doubt,  from  the  scouring  action  of  sand  and  other  heavy  particles 
transported  along  the  invert  by  the  sewage.  This  last  feature  is  by 
no  means  novel,  and  has  frequently  been  observed,  though  to  a  less 
extent,  in  water-supply  conduits. 

The  efi'ect  of  the  density  of  the  sewage  upon  the  carrying  capacity 
of  these  channels  appears  to  be  slight,  in  view  of  the  fact  that  the 
observations  were  made  under  all  the  varying  conditions  of  storm  and 
dry-weather  flow.  The  possible  efi'ect  of  cleaning  or  scraping,  how- 
ever, might  be  much  greater,  but,  at  this  date, no  cleaning  of  any 
sort  has  taken  place  in  these  channels.  Such  questions,  with  others 
of  equal  interest,  will,  it  is  hoped,  have  more  light  thrown  upon  them 
bv  the  future  continuance  of  this  work. 
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DISCUSSION. 


EtjdoijPH  Heking,  M.  Am.  Soc.  C.  E. — Papers  of  this  nature  are  of  Mr.  Hering. 
special  value  because  they  add  to  the  fund  of  knowledge  by  giving  the 
results  of  experiments  made  on  a  large  scale  in  a  field  where  there  is  a 
dearth  of  exact  information.  In  very  few  sewers  has  the  flow  been 
carefully  gauged,  and,  for  i^ractical  purjDOses,  data  derived  from  the 
flow  of  clean  water  are  generally  used.  It  is,  therefore,  especially 
gratifying  to  see  a  paper  on  this  subject.  The  information  it  con- 
tains seems  to  be  reliable,  and,  if  so,  it  is  certainly  useful. 

Presumably,  the  meter  was  rated  in  clean  water  instead  of  sewage, 
and,  to  avoid  clogging  during  the  gauging,  the  meter  is  said  to  have 
been  withdrawn  every  two  minutes.  The  chief  trouble  in  gauging  sew- 
age is  caused  by  the  suspended  matter  catching  in  the  wheel  and 
retarding  its  motion.  The  speaker  would  like  to  know  how  far  this 
featiire  was  considered,  and  how  far  the  resiilts  obtained  can  be  ap- 
jjlied  to  other  cases. 

The  lining  of  the  sewers  was  apparently  the  same  in  both  instances; 
namely,  cement-washed  brickwork.  Yet  the  coefiicients  of  resistance 
were  different,  apparently  due  to  the  fact  that  there  was  a  greater  rise 
and  fall  in  the  water  level  in  one  case  than  in  the  other,  consequently  a 
greater  accumulation  of  matter  adhering  to  the  sides  of  the  sewer 
and  a  greater  resistance  to  the  flow.  The  importance  of  the  adhering 
matter  as  affecting  the  velocity  is,  therefore,  clearly  indicated. 

The  hydraulic  slope  seems  to  have  been  assumed  as  being  the  same 
as  the  slope  of  the  invert.  What  efiect  was,  then,  caused  when  the  section 
changed,  and  was  any  observation  taken  of  this  effect?  Calculating 
the  discharge  by  the  prismoidal  method  is  unusual  but  very  good. 

The  small  diagrams  show  the  changes  of  the  internal  friction  with 
age.  A  similar  change  takes  place  even  with  clean  water,  and  in  open 
channels  as  well  as  in  jDipes.  It  indicates  the  usefulness  and  rationale 
of  having  a  coefficient  depending  substantially  on  surface  friction  alone, 
so  that  this  change  may  be  separately  and  properly  accounted  for  in 
the  formula  used.  In  extending  the  curve  from  the  known  points  back 
to  the  time  when  the  sewer  was  built,  the  speaker  thinks  that  the  curve 
is  dropjied  too  low.  New  Iniekwork  under  similar  conditions  does  not, 
as  a  rule,  give  so  low  a  coefficient,  but  generally  ranges  from  0.011  to 
0.012,  instead  of  from  0.0105  to  0.011.  Therefore,  it  would  seem  better 
to  have  drawn  a  tangent  than  a  curve  from  the  last  point  of  observation 
to  the  ordinate  representing  the  condition  of  the  sewer  when  new. 

In  a  Colorado  city  the  speaker  noticed  at  one  time  so  large  an 
accumulation  of  slimy  growth  attached  to  a  pipe  that  when  loosened 
by  a  flush  it  caused  a  complete  stoppage.  In  Philadelphia,  near 
Girard  Bridge,  he  noticed  in  a  4-ft.  sewer  such  a  coating,  consisting 
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Mr.  Hering.  of  mvcelium,  tliat  was  more  than  1  in.  thick  at  tlie  soffit.  It  was  soft 
and  gelatinous. 

Mr.  Smith.  J.  Waldo  Smith,  x\ssoc.  M.  Am.  Soc.  C.  E. — It  is  rather  gratifying 
to  see  how  well  the  results  obtained  by  Mr.  Horton  seem  to  agree  with 
the  results  of  the  flow  of  water  in  large  riveted  steel  conduits.  That 
is  to  say,  the  first  deterioration  is  of  considerable  amount  and  very 
rapid,  and  afterward  the  deterioration  seems  to  be  much  slower,  but 
continues  for  years.  The  speaker  would  be  glad  to  learn  just  why  a 
thin  coating  of  slime  should  so  greatly  increase  the  friction.  The  fact 
is  undisputed  that  the'  loss  in  carrying  caj^acity  due  to  this  is  very 
great,  and  in  some  cases  under  the  speaker's  immediate  notice  this 
loss  has  in  four  years  amounted  to  over  20%  of  the  original  carrying- 
capacity;  one-half  to  two-thirds  of  this  loss  probably  occurring  in  the 
first  year.  Mr.  Horton's  general  results  seem  to  show  that  the  same 
is  true  of  a  cement-washed  brick  sewer. 

Mr.  TiUson.  Geokge  W.  Tillson,  M.  Am.  Soc.  C.  E.— Mr.  Bering's  remarks 
remind  the  writer  of  an  experience  he  had  in  Omaha,  of  practically  the 
same  nature.  The  sewer  system  originally  built  there  in  1881  or  1882 
was  made  up  wholly  of  vitrified  pipe,  the  laterals  all  being  6-in.  They 
were  short,  those  first  built  extending,  probably,  not  more  than  half 
a  mile;  the  lower  two-thirds  having  a  grade  of  about  6  ins.  in  100 
ft.,  and  the  remainder  anywhere  from  4  to  8  ft.  in  100  ft.  The  upper 
end  was  provided  in  every  case  with  a  flush-tank,  but  these  worked 
very  irregularly,  and,  probably  for  weeks,  not  at  all.  The  system  was 
built  entirely  without  manholes  on  the  laterals,  and,  after  the  sewers 
had  been  in  use  i:)erhaps  li  or  2  years,  the  laterals  on  which  the  greatest 
number  of  connections  had  been  made  became  clogged,  and  gave  a 
great  deal  of  trouble.  It  was  necessary  to  dig  down  and  open  the 
pipe,  and  then  this  growth  that  Mr.  Hering  speaks  of  was  discovered. 
It  extended  practically  through  the  whole  length  of  the  sewer,  where  the 
grade  was  light.  The  part  where  the  residences  were  had  very  few  con- 
nections. The  only  way  the  sewers  could  be  cleared  out  was  by  digging 
down  at  intervals  of  perhaps  250  or  300  ft.,  putting  a  float  through  and 
then  dragging  a  ball  after  it.  A  great  deal  of  attention  was  required 
to  keep  the  sewers  clear,  and,  eventually,  manholes  were  built  every 
364  ft. ,  and  the  sewers  were  kept  clean  by  flushing,  until  the  connections 
became  so  numerous  that  it  was  necessary  to  rebuild  the  sewers  and  put 
in  18-in.  pipes,  after  which  there  was  no  trouble  at  all.  But  it  does, 
seem  that,  in  these  small  pipe  sewers,  unless  there  is  sufficient  flush  to 
keep  them  approximately  clean,  there  will  be  this  growth  on  the  inside 
of  the  pipes,  which  will  materially  reduce  and  almost  entirely  destroy 
their  efficiency. 

Regular  flushing,  however,  will  keep  them  clean.  The  sewers 
which  were  built  afterward,  where  the  flow  was  slight  and  where  there 
were  better  regulated  flush-tanks,  gave  no  trouble  at  all. 
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The  growth  referred  to  was  a  sort  of  fungus  of  the  streamer  style,  Jlr.  Tillson. 
perhajjs  5  or  6  ins.  long,  and  very  bulky  when  it  was  first  taken  out, 
but  after  exposure  to  the  air  it  would  dry  up  and  almost  disappear. 

G.  C.  Whipple,  Assoc.  M.  Am.  Soc.  C.  E.— The  speaker  cannot,  Mr.  Whipple, 
of  course,  tell  just  Avhat  organisms  were  growing  upon  the  walls  of  this 
particular  sewer  without  making  an  examination,  but,  in  order  that  it 
may  be  placed  as  a  matter  of  record  in  connection  with  the  pajjer,  he 
will  be  very  glad  to  make  an  examination  of  any  material  which  the 
author  may  send  him,  and  transmit  the  results  by  letter. 

The  organisms  which  grow  in  scAvers  are  very  different  from  those 
which  grow  in  w^ater  pipes.  Speaking  broadly,  it  may  be  said  that 
those  found  in  water-j^ipes  belong  to  the  animal  kingdom,  while  those 
found  in  sewers  are  vegetable  forms  of  a  very  low  type.  In  water- 
mains  we  have  the  fresh -water  sponges  and  several  genera  of  Bri/ozoa, 
such  as  Plumatella,  Fredericella,  Faludicella,  etc.;  organisms  which, 
require  oxygen,  and  which,  for  their  food,  de^jend  upon  the  microsco- 
pic organisms  found  in  water.  It  has  been  found  that  a  large  amount 
of  suspended  matter,  however,  is  prejudical  to  their  growth,  as  it  clogs 
\\]}  their  minute  i^ores.  For  this  reason  sj)onges  and  Polyzoa  are  found 
upon  the  tojD  and  sides  of  pijies  rather  than  upon  the  bottom.  It  is 
easy  to  see,  therefore,  how  the  suspended  particles  and  greasy  sub- 
stances found  in  sewage  would  tend  to  jjrevent  these  organisms  from 
becoming  fixed  upon  the  walls  of  sewers.  So  far  as  the  speaker  has 
examined  dejaosits  in  sewers  he  has  never  found  any  of  the  sponges  or 
Brynzoa  [Polyzoa]  i^resent. 

The  organisms  which  most  abound  uijon  the  walls  of  sewers,  and 
upon  the  sides  of  tanks  through  which  sewage  i:»asses,  belong  to  the 
fungi — plants  which  have  no  chlorophyll  and  no  starch.  Lacking  these, 
they  are  unable  to  assimilate  inorganic  matter,  and,  consequently,  have 
a  saprophytic  or  a  parasitic  existence;  that  is,  they  live  upon  dead 
organic  matter  or  upon  some  living  host.  Most  of  the  fungi  consist  of 
two  parts,  the  mycelium  and  the  fruit.  The  mycelium  is  the  vegetative 
portion  of  the  plant,  and  is  often  a  mass  of  delicate,  jointed,  branched, 
colorless  filaments  intertwined  to  form  a  cottony  or  felty  layer.  It  is 
these  mycelia  which  grow  luxuriantly  upon  the  walls  of  receptacles  con- 
taining sewage.  The  fruit  consists  of  certain  terminal  filaments  erected 
from  the  general  mass  and  bearing  sjjore-cells  of  various  kinds.  It  is 
chiefly  by  diff'erences  in  the  method  of  fruiting  that  the  different  fungi 
are  distinguished  from  each  other.  Hence,  when  only  the  mycelium  is 
to  be  found,  it  is  difficult  and  often  impossible  to  identify  the  specimen. 
Of  those  fungi  most  commonly  found  in  sewers,  may  be  mentioned: 
Leptothrix,  Cladothrix,  Beggiatoa,  Mucor,  PenicelUum,  Aspergillus, 
Saprolegnia,  Leptomitus,  Achlya,  Saccharomyces,  etc. 

*0n  March  19th,  1901,  the  writer  received  from  the  author  three 

*The  remainder  of  this  discussion  was  received  from  Mr.  Whipple  by  letter. 
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Whipple,  samples  of  material  taken  from  the  walls  of  the  sewer.  These  were 
examined  microscopically  with  the  following  results: 

Smnple  No.  1. — "Coating  scraped  from  sides  of  sewer.  When  in 
l^lace  it  consists  of  a  layer  of  black  material  |  to  \  in.  thick,  attached  to 
the  wall,  and  this  is  covered  with  a  thin  gray  coating,  which  gives  the 
gray  apjjearance  to  the  sewer." 

The  black  mass  is  essentially  a  mass  of  bacteria  interlaced  with 
threads  of  Beggiatoa  and  mold  hyi^hse.  The  black  color  is  due  chiefly 
to  sulphur  compounds,  held,  perhaps,  by  the  Beggiatoa.  Many  of  the 
bacteria  were  in  the  zoijgloea  state,  but  many  cells  were  seen  singly,  in 
pairs  and  in  chains.  Spirilla  were  common.  Many  yeast-cells  {Saccha- 
romyces  cerevisece)  were  present,  and  a  fcAV  grains  of  starch  and  globules 
of  fat.  The  gray  surface  coating  consists  chiefly  of  interlaced  mycelium 
threads.  These  are  in  part  mold  hyphse  and  in  part  threads  of  Lepto- 
mitus.  One  branch  of  PeniciUium  was  observed  in  fruit.  A  few  micro- 
scopic organisms,  such  as  Trachelomonas,  3Ielofiira,  Rotifer,  etc.,  Avere 
found  entangled  in  the  mass. 

Sampile  No.  2. — "  Samj^le  of  the  gray  coating  separated  from  the  sur- 
face of  the  black  material  mentioned  under  Sample  No.  1.  It  was 
about  i-.j  in.  thick. " 

As  mentioned  above  it  consisted  of  interlaced  myceliiTm  threads, 
Avith  yeast  cells,  starch  grains  and  Beggiatoa  filaments,  with  bacteria  cover- 
ing all.  In  this  sample  there  were  many  ciliated  infusoria,  such  as 
Glaucoma,  Haltei-ia,  Trachelocerea,  Paramcecium,  etc. 

Sample  No.  3. — "Sample  of  streamers  which  are  attached  to  the 
coating  on  the  sides  of  the  sewer,  and  which  Moat  out  into  the  stream." 

These  consisted  chiefly  of  Leptomitus,  the  common  "  sewage  fungus." 
The  hyphee  of  Leptomitus  are  long,  cylindrical,  branched,  and  deeply 
constricted  at  intervals  and  at  the  point  of  branching.  Near  the  con- 
striction there  is  usually  a  globular  body,  like  an  oil-globule.  The 
grayish  protoplasm  generally  occurs  as  evenly  distributed  lumps,  but 
sometimes  it  is  arranged  in  concentric  masses.  The  zoospores  are 
formed  in  club-shaped  terminal  sporangia.  A  few  of  these  sporangia 
Avere  observed  in  the  sample.     The  hyphse  are  practically  colorless. 

Leptomitm  often  develops  in  great  masses  upon  the  walls  of  sewers 
and  on  the  banks  of  polluted  streams.  The  writer  has  several  times 
seen  it  forming  layers  from  5  to  8  ins.  thick,  and  it  is  easy  to  believe 
that  small  pijaes  may  be  almost  completely  choked  by  it.  Apparently, 
it  grows  best  in  the  absence  of  oxygen,  and  in  this  respect  it  agrees  with 
some  of  the  Schizomycetes. 

Sample  No.  4. — "  General  deposit  from  material  on  sides  of  sewer." 

The  bulk  of  this  deposit  consisted  of  a  mass  of  small  worms  embedded 
in  amori)hous  matter  of  bacterial  origin.  Mold  hyphse  were  abundant,  but 
there  was  little  Leptomitus.  Several  fragments  of  paper  and  a  small  i^iece 
of  cloth  Avere  found,  besides  several  fibers  of  wool,  pieces  of  straAv,  etc. 
This  sample  contained  more  microscopic  organisms  than  the  others. 
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Theodore  Hoeton,  Assoc.  M.  Am.  Soc.  C.  E.  (bv  letter).— The  dis-  Mr.  Horton. 
cussions  on  this  paper  have  been  more  in  the  nature  of  additions  than 
of  diflferences  of  opinion,  hence  the  writer  feels  that  he  can  add  little 
of  interest  to  what  has  already  been  said.  A  few  points  were  brought 
Tip  informally,  however,  which  have  not  yet  been  presented  and  which 
may  be  worthy  of  mention. 

The  first  of  these  relates  to  the  method,  adopted  in  these  measure- 
ments, of  operating  the  current  meter  from  a  fixed  i)latform  in  the 
sewer,  the  locations  of  the  meter  being  obtained  by  a  system  of  rect- 
angular co-ordinates,  as  compared  with  other  methods  adopted  success- 
fully elsewhere,  notably  in  the  Sudbury  Aqueduct  experiments,  in 
which  the  meter  was  operated  from  a  framework  in  an  observation  man- 
hole, the  locations  of  the  meter  being  obtained  by  a  system  of  polar 
co-ordinates.  The  choice,  in  the  jjresent  case,  was  dependent  iipon  the 
nature  of  the  fluid  conveyed  in  the  channel,  for  with  sewage  the  sus- 
pended matter  was  of  such  a  nature  and  in  such  quantities  as  to  neces- 
sitate frequent  inspections  and  occasional  cleaning  of  the  current 
meter,  in  order  to  insure  correct  registration.  The  suspended  matter 
occasionally  met  with  in  conduits  conveying  water  is,  on  the  contrary, 
usually  of  such  a  nature  as  to  be  readily  screened,  and  any  trouble 
from  clogging  of  the  meter  is  avoided.  It  was  these  frequent  with- 
drawals of  the  meter  during  a  sectional  measurement  which,  it  was 
thought,  were  more  easily  and  quickly  made  by  the  method  of  opera- 
tion adopted  than  by  the  other  method  which,  though  very  efficient, 
was  slightly  more  complicated.  Incidentally,  also,  the  operation  of  a 
meter  from  a  framework  involves  the  necessity  of  a  certain  amount  of 
working  space  in  a  manhole.  In  the  present  case  the  space  was  somewhat 
limited  and  might  have  proved  inadequate. 

A  second  point,  and  one  which  bears  slightly  upon  the  same  ques- 
tion, was  in  regard  to  operating  the  meter  from  a  pivotal  jiosition  near 
the  center  of  the  cross-section.  This  is  somewhat  important,  consid- 
ering the  type  of  meter  used  in  these  measurements,  for  with  an  Ellis 
meter  the  motion  depends  upon  the  difference  of  pressure  on  the  two 
sides  of  the  cup-shaped  vanes.  If,  then,  the  meter  is  placed  in  a 
stream  where  the  filaments  are  parallel  and  travel  with  the  same 
velocity,  we  have  the  conditions  equivalent  to  those  under  which  the 
meter  is  rated  in  still  water.  If,  however,  the  filaments  which  impinge 
against  the  vanes  move  with  varying  velocities,  an  erroneous  mean 
velocity  for  the  central  point  of  the  meter  is  recorded.  This  influence, 
of  course,  is  inapjjreciable  in  streams  of  large  cross-section  where  the 
variations  of  velocity  in  the  cross-section  are  very  gradual,  but  in 
closed  channels  of  moderate  size  these  variations  are  more  sudden, 
especially  near  the  periphery,  and  the  jjossibility  of  error  is  conse- 
quently greater.  By  operating  the  meter  from  a  pivotal  position, 
however,  as  was  done  in  these  measurements,  the  plane  of  the  revolv- 
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Mr.  Horton.  ing  vanes  is,  for  nearly  every  i^osition  of  the  meter  in  the  cross- 
section,  tangent  to  tlie  iso-velocity  ctirves,  so  that  the  velocity 
recorded  by  the  meter  in  any  such  position  is,  so  far  as  this  one 
infiiience  is  concerned,  a  correct  one.  Near  the  surface  of  the  stream, 
where  the  iso-velocity  curves  are  nearly  horizontal,  this  influence  was 
avoided  by  holding  the  meter  in  a  horizontal  position. 

Many  questions  of  interest  from  a  biological  standpoint  suggest 
themselves,  especially  if  the  comi^osition  of  sewage  is  contrasted  with 
that  of  fresh  water.  Normally,  sewage  has  an  abundance  of  organic 
food  supply  and  little  or  no  dissolved  oxygen.  It  abounds  in  organ- 
isms of  a  fungous  nature  which  develoji  without  the  direct  action  of 
sunlight,  and  many  of  them  without  dissolved  oxygen.  Fresh  water, 
on  the  contrary,  has  relatively  a  small  amount  of  organic  food  sujjply 
and  usually  an  abundance  of  dissolved  oxygen.  It  supports  normally 
a  limited  growth  of  organisms.  Such  organisms  are  almost  wholly  green 
jjlants  which  are  dei^endent  upon  the  direct  action  of  sunlight  for  their 
development.  These,  when  they  reach  the  closed  dark  water-suj^ply 
conduits,  i^robably  cease  to  develop. 

In  channels  conveying  sewage  there  is  a  marked  increase  in  the 
filamentous  growths  on  the  sides  of  the  channels  during  the  summer 
months,  due,  no  doubt,  to  the  increased  temperature  of  the  sewage  at 
this  season.  This  increase  of  growth  was  quite  noticeable  in  some 
portions  of  the  Metropolitan  sewers,  and  many  instances  have  been 
cited  where  such  growths  have  been  sufficiently  abundant  to  com- 
pletely close  the  channel.  In  water-supjjly  conduits  this  seasonal 
development  of  organisms  is  probably  also  active  to  a  degree,  but 
is  i^robably  much  diminished  by  the  fact  that  the  organisms  normally 
conveyed  into  the  conduits  are,  owing  to  the  darkness,  in  an  environ- 
ment unfitted  for  any  further  development.  In  fact,  the  troubles  so 
often  caused  by  growths  in  such  conduits  are  usually  due  to  abnormal 
conditions,  and  are  rarely  found  in  well-maintained  water  supplies.  The 
main  point,  however,  is  that  these  growths,  when  they  do  occur,  cause 
increased  internal  friction  and  a  consequent  decrease  in  the  carrying 
cai^acity  of  the  channels. 
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STEEL-CO^X^RETE   CONSTRUCTION. 

An  luformal  Discussion  at  the  Annual  Convention,  June  2GtLi,  1901. 


SrBJECT  roK  Disct-ssion: 

*'  Steel-Concrete  Construction. 

' '  What  stress  in  tension  and  compression  should  be  alloAved  in  concrete  ? 

"  What  is  the  proper  modulus  of  elasticity  ot  concrete  ? 

' '  In  Steel-Concrete  Arches  : 

"  (1)  What  should  be  the  ratio  of  steel  section  to  concrete  section, 

and  what  is  the  best  form  and  disposition  of  the  former  ? 
•'  (2)  What  consideration  should  be  given  to  temperature  changes 

and  consequent  stresses  ? 
"  (3)  What  are  the  best  proportions  for  concrete,  and  what  is  the 
best  method  of  placing  it  ?  " 


By  Messrs.  R.  S.  Buck,  L.  S.  Moisseiff,  J.  E.  Wokcestee,  H.  S.  Jacoby, 
Leonakd  C.  Wason,  A.  L.  Johnsox,  William  Parker  and  William 
B.  Fuller. 

R.   S.   Buck,  M.  Am.  Soc.  C.  E. — There  are  still  doubts  in  some  Mr 
quarters,  not   only  reputable  but  excellent  professionally,  as  to  the 
thorough  soundness  of  steel-concrete  construction  for  arch  bridges. 

The  extent  to  which  there  is  just  cause  for  such  doubts,  and 
whether  or  not  the  cause  can  be  removed  by  revision  of  practice,  it  is 
hojjed  this  discussion  will  assist  in  disclosing.  The  speaker  himself 
does  not  hope  to  contribute  more  than  the  suggestion  of  a  few  jsoints. 
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.  whicli,  in  his  limited  exiierience  with  the  system,  struck  him  as  being- 
in  need  of  discussion  and  elucidation. 

Steel-concrete  construction  in  arches  has,  both  in  Europe  and 
this  country,  passed  from  the  exjaerimental  stage  to  that  of  general 
practical  use. 

Although  there  is  still  lacking  the  crucial  test  of  time,  the  large 
number  of  these  bridges  now  in  service  seems  satisfactory,  and  there 
appear  no  reports  of  failure  attributable  to  any  inherent  weakness  of 
the  system,  despite  some  remarkably  bold  dealings  with  it. 

If,  as  now  appears  reasonably  certain,  the  system  is  not  only  here 
to  stay,  but  is  having  its  field  of  application  steadily  enlarged,  it  is 
surprising  that  there  are  not  more  working  data  on  the  subject,  of 
certain  scientific  origin,  in  place  of  the  variable  "  rule-of-thumb  " 
methods  which  seem  now  to  govern  in  American  practice. 

European  engineers  have  given  the  subject  much  more  careful 
study,  and  have  conducted  some  very  elaborate  experiments  to  settle 
certain  points.  But  the  results  of  these  exjaeriments  have  reached  its 
here  only  in  very  general  terms,  or  else  are  buried  in  unfamiliar  for- 
eign publications,  from  which  they  have  not  yet  been  mined.  That 
there  is  enough  in  the  records  of  European  practice,  investigation  and 
experiment,  to  frame  a  complete,  reliable  scientific  code  of  procedure 
for  this  system,  is  doubtful;  but  there  can  be  no  doubt  that  they  would 
contribute  largely  to  this  end. 

Mr.  Fr.  von  Emperger,  on  April  ith,  1894,  read  a  jjaper  entitled 
"The  Development  and  Recent  Improvement  of  Concrete-Iron  High- 
way Bridges. ""  This  was,  perhaps,  the  first  general  introduction  of  the 
subject  in  this  country,  and  with  the  exception  of  an  articlef  by  Ed- 
win Thacher,  M.  Am.  Soc.  C.  E.,  on  the  Patersou  Bridge,  this  remains, 
so  far  as  the  speaker  knows,  the  only  attempt  at  analytical  treatment 
of  the  system  indulged  in  in  this  country.  Mr.  von  Emperger 's  paper 
lacks  many  things,  to  render  it  of  scientific  or  practical  value,  and 
was  evidently  intended  rather  to  awaken  interest  in  the  possibilities 
of  the  system  than  to  assist  in  establishing  any  laws  whereby  these 
jjossibilities  could  be  confidently  attained.  It  made  known,  generally, 
the  fact  that  the  Austrian  Society  of  Engineers  and  Architects  had 
condixcted  an  elaborate  and  doubtless  valuable  series  of  experiments 
on  metal-concrete  arches,  and  stated  that  a  report  would  be  made  on 
the  same,  probably  at  an  early  date.  But  this  report  has  not,  to  the 
speaker's  knowledge,  either  as  a  whole  or  in  part,  been  published  in 
English.  It  would  be  a  most  valuable  contribution  to  our  fund  of 
knowledge  if  the  report  were  so  published,  and  the  same  supple- 
mented by  discussion  and  experiment  along  the  lines  of  American 
practice. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxi.  p.  438. 
+  Engineering  Neics,  Sept.  1st,  1899. 
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As  previously  stated,   there   is  a  great  deal  of  "  iiile-of-thuinb  "  Mr.  Buck, 
about  American  practice   in   this  system,  and  its  general  acceptance 
cannot  well  come  until  such  methods  are  replaced  by  others  as  care- 
fully grounded  as  those  governing  the  use  of  steel. 

The  engineers  of  this  country  have  been  slow  in  taking  up  this 
system,  probably  unduly  so  when  its  value  is  fairly  considered.  Its 
development  has  been  largely  in  the  hands  of  contractors  and  con- 
tracting engineers,  with  whom  a  vital  jjoint  has  been  to  bring  it  in 
competition  with  all-steel  construction.  In  this,  the  speaker  inclines 
to  think,  there  has  been  rather  an  im fortunate  disposition  to  redixce 
the  cost  unduly  at  the  sacrifice  of  certainty,  stability  and  dura- 
bility. It  is  not  jjossible  to  construct  a  steel-concrete  arch  that 
will  compare  in  cost  with  an  all-steel  bridge  and  at  the  same  time 
furnish  the  desired  characteristics  to  be  reasonably  looked  for  in  a 
masonry  arch. 

The  steel-coD Crete  bridge  possesses  sufficient  merits,  the  speaker 
believes,  when  designed  on  conservative  lines,  to  often  reduce  the 
question  of  first  cost  to  a  minor  position;  and  when  it  cannot  do  this 
it  is  a  good  form  of  bridge  to  let  alone. 

The  combination  of  concrete  and  steel  unquestionably  is  one  of 
great  mutual  benefit,  especially  to  the  concrete,  but  it  is  very  ques- 
tionable, to  the  speaker's  mind,  if  this  general  proposition  warrants 
the  high  unit  stresses  allowed  on  the  strength  of  certain  combi- 
nations. 

On  steel  20  000  lbs.  per  square  inch;  500  lbs.  per  square  inch  com- 
pression on  concrete,  without  allowance  for  temperature,  which  may 
become  1  000  lbs.  per  square  inch  under  the  same  rules  for  fixing  sec- 
tions where  a  reasonable  allowance  for  temperature  is  made;  50  to  100 
lbs.  per  square  inch  in  tension  in  concrete  without  consideration  of 
temperature,  and  Avhich,  considering  temperature,  may  become  200 
lbs.  per  square  Inch;  are  allowances  that  may  appear  to  meet 
demands,  but,  the  speaker  believes,  are  hardly  justifiable. 

The  freak  bridges  built  for  experimental  purposes  or  for  pedestrian 
traffic  in  Europe,  some  of  which  Mr.  von  Emperger  mentions  in  his 
paper,  and  the  fact  that  these  have  stood  the  test  of  a  few  years,  seem 
to  warrant  too  much  imposition  on  the  system. 

An  arch  of  132  ft.  span,  14|  ft.  rise  and  9|^  in.  crown  thickness  (one 
of  those  mentioned  by  Mr.  von  Emperger,  and  claimed  by  him  to  be 
designed  for  a  load  of  200  lbs.  per  square  foot)  w'ould  seem  to  justify 
much,  but  until  the  speaker  sees  the  200  lbs.  per  square  foot  safely 
applied,  and  the  test  of  years  of  service,  he  will  not  count  sucli  con- 
striiction,  or  even  a  remote  apjiroach  to  it,  good.  Yet  it  is  not 
improbable  that  in  Eui'opean  practice  such  cases  as  this  have  to  some 
extent  influenced  American  practice,  and  in  a  measiire  justified  thin- 
ning down  sections  when  other  justification  was  lacking.     The  diifer- 


9G  DISCUSSION    ON    STEEL-CONCRETE    CONSTRUCTION. 

Mr.  Buck,  enee  between  experinieut  aud  jiractice,  and  diflterent  kinds  of  service, 
demand  very  careful  consideration.  Concrete,  despite  its  versatility 
and  endurance,  cannot  be  relied  upon  with  tbe  same  confidence  as 
steel,  any  more  than  can  any  other  form  of  masonry,  especially  where 
tension  is  to  be  dealt  with. 

It  is  rather  a  striking  exemplification  of  the  uncertainty  of  our 
knowledge  of  the  action  of  concrete  in  conjunction  with  steel,  in 
arches  or  elsewhere,  that  there  is  such  a  large  variation  of  opinion  as 
to  the  correct  modulus  of  elasticity  of  concrete.  This  ranges  from 
700  000  to  over  3  000  OOU.  This  difference  is  of  course  largely  due  to 
the  variation  in  composition  of  the  concrete  exi^erimented  with,  but 
there  should  not  be  such  a  difference  in  the  concrete  suitable  for  arch 
rings— say  Portland  cement  concrete  in  jiroportions  of  l:2i:5.  The 
modulus  of  elasticity  of  such  concrete,  within  narrow  limits,  can  and 
should  be  established  much  more  definitely. 

Directly  contingent  upon  this  modulus  is  the  correct  i^roi^ortion  of 
concrete  to  steel  capable  of  taking  calculable  stresses  in  the  arch 
ring,  and  in  fact  the  entire  theory  of  arch-stress  calculation. 

However,  the  correct  combination  of  concrete  and  steel  is  probably 
quite  as  much  dependent  ujion  the  thorough  bonding  of  the  two  in 
order  to  secure  unity  of  action  as  upon  the  capacity  of  the  steel  to 
I)ick  up  aud  carry  to  the  abutments  a  specific  amount  of  stress. 

The  correct  function  of  the  steel  is  rather  to  insure  a  thorough 
distribution  of  the  strain  in  the  concrete,  and  to  prevent  undue  con- 
centration of  strain  aud  consequent  ruiDture  at  some  point  where  there 
is  an  element  of  weakness  akin  to  a  nick  or  other  flaw  in  a  steel  bar. 

The  steel  should  be, so  disjDosed  as  to  bond  the  concrete  in  three 
directions,  parallel  or  approximately  so  to  the  axis  of  the  ring,  normal 
to  the  soffit,  and  transversely  normal  to  the  axial  plane  of  the  ring; 
and  so  proportioned  in  each  direction  as  to  meet  all  j^ossible  demands 
upon  it.  Further,  the  units  into  which  the  steel  is  divided  should  be 
such  as  to  insure  its  reaching  all  parts  of  the  concrete  with  its  influence. 

In  this  I'espect  the  Monier  system,  while  it  ajjparently  lacks  the 
steel  bonding  normal  to  the  soffit  of  the  ring,  possesses  the  advantage 
of  fine  division  and  thorough  dissemination  and  bonding  in  the  other 
two  directions.  The  Melan  system,  with  steel  I-sections,  bonds 
essentially  normal  and  parallel  to  the  intrados,  but  not  transversely. 
The  units  of  steel  in  this  system  are  large,  and  the  dissemination 
through  the  concrete  not  so  thorough  as  in  the  Monier  system.  In 
fact,  it  may  be  fairly  questioned  whether  this  is  sufficient  to  bring  all 
the  concrete  i^roperly  within  the  range  of  influence  of  the  steel. 

The  Thacher  system,  as  originally  adopted,  comprising  steel  in 
the  shajje  of  flat  bars  parallel  to  the  intrados  aud  extrados  of  the 
ring,  bonded  the  concrete  only  in  one  direction;  it  being  assumed  that 
the  steel  could  do  best  service  as  flanges  on  these  lines,  and  that  no 
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other  boudiug  was  necessary.    'This  system   is  susceptible  of  ready  Mr.  Buck, 
moditication,  which  will  secure  bonding  in  all  these  directions,  and 
the  reduction  in  size  and  multiplication  of  number  of  units  is  practi- 
cally limited  to  the  space  necessary  for  laying  the  concrete. 

The  treatment  of  temperature  stresses,  or  at  least  their  uou-treat- 
ment,  is  rather  an  anomalous  condition  found  in  dealing  with 
steel-concrete  arches. 

Mathematically  calculated  on  clearly  established  proper  line?,  even 
with  a  limited  range  of  about  30^  Fahr.,  the  resulting  temperature 
stresses  are  decidedly  startling,  especially  in  fiat  arches.  Although 
the  correctness  of  the  mathematical  results  is  not  questioned,  it  is 
often  deemed  expedient  and  safe  to  ignore  them.  The  justification  for 
this  seems  to  be  that  the  presence  of  the  steel  will  prevent  serious 
results  if  a  crack  should  occur,  and  that  many  arches  subjected  to 
heavy  temperature  stresses  stand  without  manifesting  weakness.  This 
reasoning  is  convenient,  but  hardly  scientific  or  logical.  This  feature 
of  the  system,  perhaps  more  than  any  other,  is  in  need  of  thorough 
discussion. 

The  question  of  ingredients  and  the  degree  of  wetness  of  the 
concrete  in  the  arch  ring  is  a  very  general  one,  but  of  much  import- 
ance, and  well  worth  discussion  here. 

Another  point  of  importance  is  the  method  of  laying  in  continuous 
rings  from  abutment  to  abutment  or  in  large  voussoirs.  There  is  now 
a  clear  cut  difference  of  opinion  on  this  point,  which  is  also  well  worth 
discussion. 

Aside  from  the  question  of  Ihe  correct  theory  governing  the 
sections  and  proportions  of  a  steel-concrete  arch,  the  speaker  inclines 
to  the  opinion  that  there  is  much  room  for  improvement  in  the  prac- 
tical details  of  construction  in  American  practice.  Strength  of  center- 
ing and  precautions  against  sinking;  uniformity  and  sufficiency  in 
ramming;  careful  bonding  of  fresh  and  set  concrete,  and  care  in  secur- 
ing monolithic  construction;  care  in  securing  actual  contact  and 
adhesion  between  the  concrete  and  the  steel,  are  all  points  wherein 
practice  can  be  materially  improved.  Eamming  is  perhaps  one  of  the 
weakest  points  in  steel-concrete  construction,  but  the  speaker  looks 
with  reviving  hope  to  the  pneumatic  rammer  which  has  recently  been 
put  upon  the  market.  Some  information  as  to  its  performance  would 
be  most  welcome,  and  it  is  hard  to  believe  that  it  will  not  be  an 
immense  improvement  on  the  machine  now  in  use,  the  cardinal  prin- 
ciple of  which  seems  to  be  to  make  as  little  imjiression  on  the  concrete 
as  possible  without  loss  of  its  job. 

L.  S.  MoissEiPF,  Assoc.  M.  Am.  Soc.  C.   E.    (by  letter). — Allowable  Mr.  moiss 
Tensile  and  Compressive  Sfr'esses. — With  the  usual  proportions  of  Port- 
land cement  concrete  of  1  :  2  :  4  and  1  :  3  :  5,  and  careful  manipulation 
in  making  the  concrete,  a  maximum  compressive  stress  of  500  lbs.  i^er 
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Ml-.  Moisseiff.  square  inch  and  a  maximum  tensile  stress  of  60  lbs.  per  square  inch 
may  be  allowed  in  beams  and  arches.  A  study  of  a  great  number  of 
tests  made  in  the  United  States,  as  well  as  in  Europe,  will  show  that 
these  values  are  well  within  the  limits  of  good  engineering.  It  should 
be  understood,  however,  that  the  greatest  allowable  unit  stresses  are 
really  meant  to  be  the  maximum  stresses  which  will  occur  in  any  sec- 
tion of  the  structure  tinder  any  vertical  or  horizontal  load,  or  other 
agency  that  can  be  reasonably  expected  to  act  on  the  same.  For 
arches,  stresses  due  to  variations  of  temperature  or  to  displacements 
of  abutments  should  be  treated  as  secondary  stresses,  their  amounts 
should  be  determined,  and  they  should  be  provided  for  within  the 
greatest  allowable  unit  stresses.  Then  only  will  the  fixing  of  some 
limit  of  unit  stress  have  a  definite  meaning.  The  secondary  stresses 
•will  vary  greatly  with  the  proportions  of  the  arches  Generally,  the 
flatter  the  arch,  the  greater  will  be  the  effects  of  temperature  and  set- 
tling; and  for  the  flat  arches  the  secondaries  will  show  unexpectedly 
high  values.  Only  by  adding  the  secondary  to  the  so-called  primary 
stresses  due  to  external  loads  can  the  maximum  stresses  acting  in  any 
jjart  of  the  structure  be  determined.  For  the  stresses  so  found,  the 
structure  should  be  laroportioned  by  using  the  fixed  maximum  unit 
stress. 

The  purpose  of  the  structure  should  also  be  taken  into  considera- 
tion. A  light  structure  may  be  used  for  a  highway  bridge,  with  its 
light  loads,  but  a  railroad  bridge,  with  its  heavy  impact,  requires 
mass,  in  addition  to  strength,  to  absorb  the  vibrations  due  to  rapidly 
moving  trains.  This  may  sometimes  lead  to  greater  thickness  of  arch 
than  would  be  absolutely  made  necessary  by  the  allowable  unit 
stresses.     Such  increased  thickness  represents  material  well  placed. 

Modulus  of  Elasticity  of  Concrete. — The  modulus  of  elasticity  of  con- 
crete not  reinforced  by  steel  must  be  known  in  order  to  determine  the 
secondary  stresses.  The  basis  of  all  formulas  or  graphical  methods 
used  to  determine  these  stresses  must  be  the  elastic  theory  of  arches. 
The  famous  tests  made  by  the  Austrian  Society  of  Engineers  and 
Architects  have  proved  definitely  that  the  elastic  theory  holds  true 
for  concrete  arches  as  well  as  for  any  other  kind  of  arches.  This  neces- 
sarily introduces  the  elastic  behavior  of  the  material,  and  with  it  the 
modulus  of  elasticity,  into  the  determination  of  all  stresses.  But, 
whether  the  elastic  theory  or  the  static  assumptions  are  used  for  find- 
ing the  main  stresses,  the  modulus  of  elasticity  must  be  known,  in 
order  to  determine  the  stresses  due  to  displacements  and  to  changes 
of  temperature  and  volume. 

For  steel-concrete  construction,  the  value  of  the  modulus  of  the 
concrete  is  of  prime  importance.  To  these  constructions,  steel  in  the 
form  of  wire,  bars  or  shapes  is  imbedded  in  a  concrete  matrix,  forming, 
by  the  adhesion  of  the  two  constituents,  a  practically  new  material. 
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To  have  a  clear  understaudiug  of  the  stresses  in  such  a  combination,  Mr.  Moisseiff. 
the  elastic  behavior  of  the  constituent  parts  under  any  stress  must  be 
thoroughly  known.  The  modulus  of  elasticity  represents  the  recip- 
rocal of  the  elongation  per  unit  stress  and  unit  length,  and  its  value 
indicates  the  story  of  the  behavior  of  the  material.  In  fact,  the  theory 
of  composite  structures,  as  it  has  been  applied  to  steel-concrete,  is 
directly  dependent  on  the  values  of  the  moduli  of  elasticity  of  the  two 
materials. 

It  has  been  shown  by  a  wide  range  of  experiments,  especially  by 
those  made  by  Professor  C.  Bach,  at  the  Royal  Testing  Laboratory  at 
Stiittgart,  that  Hooke's  law  of  the  proportionality  between  stress  and 
deformation  does  not  hold  true.  It  is  very  nearly  true  for  steel  and 
wrought  iron,  but  for  concrete  the  curve  of  elongations  has  a  pro- 
nounced curvature,  showing  that  the  elongation  increases  in  a  higher 
degree  than  the  stress.  The  modulus  of  elasticity  of  Portland  cement 
concrete  is  then  a  variable,  decreasing  with  the  increase  of  unit  stress. 
This  characteristic  of  the  elastic  behavior  of  concrete  is  of  importance 
in  steel-concrete  construction.  It  is  evident  that  the  more  the  concrete 
elongates  per  unit  stress,  the  modulus  of  elasticity  of  the  steel  being 
practically  constant,  the  more  stress  will  be  carried  by  the  steel. 

When  the  theory  of  composite  structures  was  first  applied  to  steel- 
concrete  by  Professor  J.  Melan  he  assumed  the  modulus  of  elasticity 
of  Portland  cement  concrete  to  be  710  UOO  lbs.  per  square  inch.  This 
is  about  one-fortieth  of  the  modulus  of  steel.  This  means  that  the  stress 
in  the  steel  will  be  forty  times  the  stress  in  the  surrounding  concrete. 
But,  even  then,  the  steel  will  only  be  stressed  in  tension  to  60  X  40  = 
2  400  lbs.  per  square  inch.  This  is  certainly  a  ridiculously  small  value 
for  the  tensile  stress  in  steel.  Since  that  time  it  has  been  found  that  the 
value  E  =  700  000  lbs.  for  concrete  is  far  below  its  actual  value,  and 
in  recent  years  prominent  engineers  in  this  country  have  used  E  = 
1  400  000  lbs.  This  gives  a  ratio  of  1  :  20.  According  to  this  assump- 
tion, the  work  of  the  steel  is  redixced  by  half. 

A  study  of  a  great  number  of  tests  shows  that  the  modulus  of 
elasticity  for  Portland  cement  concrete  made  in  the  i^roportions  be- 
tween 1:2:4  and  1:3:5  is  from  2  800  000  to  3  500  000  lbs.  This 
makes  the  modulus  of  concrete  one-tenth  to  one-eighth  that  of  steel. 
This  new  vahie  of  the  modulus  for  steel-concrete  further  reduces  the 
proportion  of  the  work  done  by  the  steel. 

The  question  then  arises,  do  we  not  pay  too  much  for  the  little 
the  steel  does?  This  seems  to  be  so,  according  to  the  accepted  theory, 
but,  fortunately,  practice  is  here  more  correct  than  theory;  in  fact,  too 
much  should  not  have  been  expected  of  a  theory  based  on  pure 
assumptions.  The  observations  made  on  numerous  steel-concrete 
beams  and  arches  show  that  the  concrete  is  stressed  considerably 
beyond  any  reasonable  stress,    or  otherwise   the   steel  is  doing   much 
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Mr.  Moisseiff.  more  than  is  attributed  to  it  by  the  composite-structure  theory. 
Only  a  great  number  of  careful  experiments  on  steel-concrete  combi- 
nations, in  conditions  as  near  as  possible  to  those  met  in  actual  prac- 
tice, can  furnish  reliable  and  sufficient  data  on  which  to  base  an 
adequate  theory. 

A  series  of  careful  experiments  on  the  influence  of  imbedded  metal 
on  the  projierties  of  mortar  and  concrete  was  made  in  1898  by  the 
eminent  French  engineer,  M.  Considere,  at  the  laboratory  of  the  Ecole 
des  Fonts  et  Chaussees.  These  tests  have  shown  remarkable  results. 
They  have  proved  that  concrete  in  combination  with  steel  is  able  tO' 
elongate  considerably  more,  without  impairing  its  resisting  value,  than 
if  not  reinforced  by  steel.  The  same  phenomenon  has  been  observed 
in  the  experiments  made  at  the  same  time  for  the  X  bridge  at  Mans, 
France,  by  the  Chief  Engineer,  M.  Harel  de  la  Noe.  This  is  also  con- 
firmed by  observations  made  on  arches  and  by  computations  made 
on  observed  deflections.  It  is  out  of  place  here  to  give  this  interesting 
siibject  more  space. 

The  writer  is  at  work  on  a  paper,  to  be  presented  to  the  Society 
at  an  early  date,  on  "  The  Theory  of  Steel-Concrete  Structures,"  and 
this  discussion  is  merely  a  brief  abstract  of  its  main  features.  What- 
ever the  explanation  of  the  different  behavior  of  concrete  when  rein- 
forced by  steel  from  that  when  not  reinforced,  it  is  certain  that  the 
theory  of  concrete  structures  needs  revision.  Formulas  based  on  the 
actual  behavior  of  concrete  and  steel  in  combination  should  be  de- 
duced. These  formulas  will  have  to  account  rationally  for  the  rela- 
tive work  done  by  the  two  materials.  They  will  have  to  fiirnish  means 
to  evaluate  the  capacity  of  the  steel  and  give  the  right  proportion  of 
steel  to  concrete. 

Ratio  of  Steel  Section  to  Concrete  Section. — From  the  foregoing  discus- 
sion it  will  be  seen  that  no  «  priori  ratio  of  steel  section  to  concrete 
can  be  fixed.  From  some  tentative  comi^utations,  the  results  seem 
to  require  the  section  of  the  steel  to  be  between  1  to  1.53^^  of  that 
of  the  concrete.  The  steel  should  be  as  well  distributed  in  the  concrete 
as  possible,  reaching  the  greater  part  of  the  outside  layers,  and  thus  in- 
creasing the  strengthening  efi'ect.  It  should  not  be  nearer  to  the  sur- 
face than  3  ins.,  and  should  be  so  disposed  as  to  allow  of  easy  and 
efficient  tamping.  It  should  be  well  tied  together  vertically  and  lat- 
erally, if  only  with  very  light  members. 

Temperature  Changes  and  Consequent  Stresses. — No  stresses  are  so 
certain  to  take  place  as  are  the  stresses  due  to  changes  of  temperature 
and  to  displacement  of  abutments.  The  experience  of  French  and 
German  engineers,  who  have  built  numerous  masonry  arches,  has  been 
such  as  to  lead  them  to  the  use  of  hinges.  While  it  may  be  a  disputed 
question  whether  or  not  hinges  should  be  used  in  steel-concrete 
arches,  it  is  certain  that  temperature  stresses  must  be  taken  care  oL 
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It  has  been  the  writer's   experience    in    calculating    temperature  Mr.  MoisseifiE. 
stresses  in  concrete  arches,  and  it  is  known  to  him  to  be  the  experi- 
ence of  other  engineers  who  have  calculated  the  same,  that  the  thermal 
stresses  reach  high  values,  even  for  small  ranges  of  temperature. 

It  is  quite  difficult  to  determine  what  range  of  variation  of  temper- 
ature should  be  allowed  for.  A  mass  of  masonry  will  certainly  not 
change  its  temperature  very  rapidly,  and  its  range  of  temperature  will 
not  exceed  the  range  between  mean  cold  and  mean  warm  weather.  A 
range  of  40°  Fahr.  would  probably  be  sufficient  to  provide  for. 
Even  this  low  range  will  cause  thermal  stresses  high  enough  to  require 
careful  consideration. 

J.  R.  WoRCESTEK,  M.  Am.  Soc.  C.  E. — One  statement  by  Mr.  Buck,  Mr.  Worcestei 
if  correctly  understood,   that  there  could  be  no  comparison  between 
the  cost  of    steel-concrete  bridges  and  .steel   bridges,    seems   to   the 
speaker  to  be  true  only  when  one  factor,  that  is,  the  cost  of  the  abut- 
ments for  the  steel  bridges,  is  left  out  of  consideration. 

The  speaker's  experience  is,  that,  in  the  case  of  a  highway  bridge  of 
moderate  span,  a  comparison  between  a  steel-concrete  bridge  and  one 
of  steel  with  buckle-plate  floor  filled  on  top,  will  show  that  the  steel- 
concrete  bridge  is  considerably  cheaper  ;  and  that  where  good 
foundations  are  easily  obtained,  if  the  total  cost  of  bridge  and  abut- 
ments is  included  in  the  comparison,  there  is  a  fair  chance  for  steel- 
concrete  construction  to  compete  with  all-steel. 

Henky  S.  Jacobt,  Assoc.  Am.  Soc.  C.  E. — It  seems  now  to  be  gen-  Mr.  Jacoby. 
erally  conceded  that  the  theory  of  elasticity  should  be  applied  in 
designing  steel-concrete  and  other  masonry  arches.  "While  it  has 
been  customary  to  assume  the  moment  of  inertia  of  the  cross-section 
to  vary  as  the  secant  of  the  angle  of  inclination  of  the  axis  of  para- 
bolic arches,  in  order  to  simplify  the  determination  of  the  horizontal 
thrust,  no  investigation  of  the  relative  effect  on  the  design  caused  by 
this  aijproximation  has  been  published.  It  may,  therefore,  be  of  in- 
terest to  call  attention  to  the  fact  that  some  recent  investigations  show 
that  the  diffei-ences  between  the  areas  of  cross-section  obtained  when 
the  moment  of  inertia  is  assumed  to  vary  in  accordance  with  the  law 
previously  mentioned  and  those  obtained  when  its  true  variation  is 
considered  are  so  small  that  they  may  be  safely  neglected  in  any  de- 
sign. As  the  difference  in  the  labor  involved  in  making  the  designs  is 
so  great,  it  is  gratifying  that  the  simpler  method  gives  results  which 
answer  every  practical  purpose. 

In  regard  to  the  amount  of  steel  required,  the  speaker  favors  the 
plan  adopted  by  Mr.  Thacher,  to  use  enough  steel  to  resist  the 
bending  moments,  and  to  let  the  concrete  take  the  axial  thrusts  and 
the  shear. 

Attention  is  also  called  to  the  desirability  of  making  some  system- 
atic observations  of  the  deflections  of  existing  steel-concrete  arches 
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Mr.  Jacoby.  by  those  who  may  be  conveniently  located  with  respect  to  the  larger 
arches  in  this  country,  such  observations  to  extend  throughout 
at  least  one  entire  year,  so  that  definite  data  regarding  their'  be- 
havior under  changes  of  temperature  and  live  loading  may  be 
available. 

Mr.  Wason.  Leonabd  C.  Wason,  Assoc.  M.  Am.  Soc.  C.  E.^The  sjieaker  has 
devoted  his  whole  time  for  nearly  eight  years  to  the  Ransome  system 
of  steel-concrete  construction,  and,  as  in  fire-proof  floors,  the  maxi- 
mum stress  in  steel  and  concrete  with  minimum  weight  is  necessary, 
especial  attention  has  been  given  to  the  stresses  in  tension  and  in 
compression,  the  ratio  of  the  steel  section  to  the  concrete  section, 
and  the  proportions  of  cement  and  aggregates  used.  What  follows  is 
the  result  of  personal  experience,  and,  with  the  exception  of  the 
tests  at  the  Watertown  Arsenal,  none  of  the  data  has  ever  appeared  in 
print  before. 

Last  winter  the  speaker  made  fourteen  concrete  beams  for  a  student 
to  test  as  thesis  work  at  the  Massachusetts  Institute  of  Technology. 
The  object  of  the  tests  was  to  determine  accurately  the  strength  of  the 
combination,  the  position  of  the  neutral  axis  of  the  beams,  the  maxi- 
mum deflection  at  the  first  crack,  and  to  see  if  the  concrete  cracked 
before  the  steel  had  reached  its  elastic  limit.  All  beams  were  12  ft. 
long,  8  ins.  wide,  and  12  ins.  high,  and  were  made  as  follows : 

Beam.  Construction. 

1st  ....  Plain  concrete. 

2d With    J-in.  bar  at  the  bottom. 

8d "       ^-i'l-      "     "  " 

4th....      "       f-in.      "     " 

5th. ...      "       |-in.     "     "  " 

6th   ...      "     1  -in.     "     " 

7th....      "     l|-iu.     "     " 

8th "     two  1  -in.  bars  at  the  bottom. 

9th "     twolj-in.     " 

10th....      "     two  l|-in.      "         "  "      and  one  ^-in.  bar  at  the  top. 

11th....      "     two  l|-in.     "         "  "        "    two  f-in.  bars  "         " 

I  These  were  like  Beams  9,  10  and  11,  respectively,  except  that, 
I  in  addition,  fourteen  U's  of  J-in.  steel  were  imbedded  in  the 
I  beams,  passing  under  the  bars,  and  the  ends  projecting 
I       above  the  top  of  each  beam. 

All  bars  were  iDut  in  straight,  with  the  center  2  ins.  from  the  toj) 
or  bottom  face  of  the  beam.  Many  interesting  facts  were  learned  in 
these  tests,  but  only  such  as  relate  to  the  subject  in  hand  will  be 
mentioned. 

The  component  parts  of  the  specimens  were  tested.  The  concrete 
in  all  cases  consisted  of  one  part  by  measure  of  Portland  cement,  three 
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Fig.  1. — Testing  Steel-Concrete  Beams. 


Fig.  2. — Testing  Steel-Concrete  Beams. 
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parts  of  Plum  Island  beach  sand,  and  six  parts  of  broken  stone.  The  Mr.  Wason. 
sand  was  perfectly  clean;  practically  all  passed  through  a  20-mesh  sieve 
and  was  retained  on  a  30-mesh  sieve;  the  grains,  however,  were  round 
and  smooth.  The  stone  was  a  dark-blue  trap;  the  pieces  were  cubical 
and  the  fractures  angular.  Four  parts  passed  a  IJ-in.  ring,  two  parts 
a  |-in.  ring.  The  steel  was  of  a  mild  quality,  square  section,  and 
was  twisted  cold  until  the  edges  made  an  angle  of  20*^  with  the  axis 
of  the  bar.  The  cement  was  tested  neat,  and  as  1  to  3  mortar.  It 
developed  nearly  full  strength  in  two  weeks,  so  that  there  was  but 
little  increase  in  strength  between  15  and  60  days.  In  the  neat  cement 
test,  age  21  days,  the  average  of  five  tension  briquettes  was  924  lbs. ; 
highest,  978  lbs. ;  in  compression,  age  26  days,  average  of  four,  8  140  lbs. 
per  square  inch;  highest,  10  950  lbs.  Mortar  tension,  age  12  days, 
average  of  four,  265  lbs. ;  the  highest,  288  lbs  Mortar  taken  from  con- 
crate  mixed  by  workmen,  age  28  days,  average  of  seventeen,  307  lbs. ; 
highest,  368  lbs.  Mortar  by  workmen,  in  compression,  age  28  days, 
average  of  seven,  3  630  lbs. ;  highest,  4  500  lbs. 

A  concrete  prism  8  X  8  X  12  ins.  was  also  tested,  and  developed  a 
strength  of  2  455  lbs.  per  square  inch  in  compression.  A  3|-in.  cube  of 
stone  failed  at  22  000  lbs.  per  square  inch.  Some  cubes  of  slightly 
larger  size  resisted  the  full  power  of  the  testing  machine,  and  success- 
fully withstood  repeated  stress  of  20  000  lbs.,  both  with  and  across  the 
grain. 

The  average  ultimate  strength  in  tension  on  the  steel  bars  of  all 
sizes  used  was  83  330  lbs.  per  square  inch,  the  highest  being  the  T^-in. 
bars  which  carried  100  140  lbs.  The  average  modulus  of  elasticity 
was  30  095  000.  The  elastic  limit  averaged  64^,%  of  the  ultimate 
strength. 

The  average  weight  of  the  concrete  in  the  beams  was  148.7  lbs.  per 
cubic  foot.  The  series  was  so  made  that  the  first  specimen  was  quite 
weak  in  tension  and  the  others  were  reinforced  with  steel  until  there 
was  an  excess  of  strength  on  the  tension  side,  when  the  compressive 
portion  was  reinforced  with  steel  to  assist  in  its  resistance  to  com- 
pression. The  beams  were  all  made  in  wooden  forms  inside  the  build- 
ing, and  left  undisturbed  until  the  time  of  these  tests,  which  varied 
from  30  to  50  days. 

The  method  used  (Fig.  1,  Plate  VIII),  was  to  rest  the  ends  on 
small  iron  plates  on  the  knife-edges  of  the  testing  machine,  with  a  clear 
spaa  of  11  ft.  Blot-ks  were  laid  on  top  of  the  specimen,  dividing  the 
sjjan  into  three  equal  parts,  and  an  I-beam  was  i)laced  on  top  of  these 
and  the  load  applied  through  it.  Thus  a  uniform  bending  moment 
was  obtained  between  the  two  blocks.  Yokes,  24  ins.  apart,  were 
attached  rigidly  to  the  middle  jaortion  of  the  beam,  and  micrometer 
readings  were  taken  on  the  top  and  bottom  as  the  beam  was  loaded. 
Assuming  the  jilane  of  the  yokes  A  B  to  be  a  plane,  after  the  load  was 
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Mr.  WasoD.  apiilied,  A' 
(see  Fig.  1): 

By  similar  triangles 


B',  we  can  find  the  ]:)osition  of  the  neutral 


follows 


H:h 


+  .V 


Therefore,  h 


Hi, 


i7  being  the  height  of  the  beam,  h  the  heieht 

of  the  neutral  axis  from  the  bottom  of  the  beam,  x  the  comiDression  on 
the  top,  and  y  the  elongation  at  the  bottom.  Clamps  were  attached  to 
the  beam  over  the  supports,  and  fine  piano  wire  was  hung  over  these 
on  either  side  of  the  beam,  and,  bj  means  of  micrometers  attached  to 
each  side  of  the  beam  at  the  center,  the  deflection  could  be  determined. 
The  i^lain  concrete  beam  failed  under  a  concentrated  load  of  2  500 
lbs.  at  the  center.  Adding  to  this  half  the  weight  of  the  beam, 
namely,  600  lbs. ,  and  solving  by  the  usual  beam  formula,  the  outside 
fiber  stress  is  found  to  be  533  lbs.  per  square  inch.  The  beam  con- 
taining the  ^-in.  bar  failed  at  the  same  load.  The  bar  pulled  in  two. 
If  it  is  assumed  that  the  bar  was  stressed  to  its  limit,  the  concrete  still 
had  to  carry  381  lbs.  to  the  square  inch  in  tension,  as  a  concrete  beam. 
The  beam  containing  the  ^-in.  bar 
carried  a  greater  load  than  was  possi- 
ble if  the  bar  was  reqiiired  to  carry  the 
entire  tensional  stress.  The  bar  pulled 
in  two.  If  it  is  assumed  that  the  bar 
was  loaded  to  its  ultimate  strength,  the 
concrete,  as  a  beam,  miist  still  have  suiJ- 
ported  part  of  the  load,  and  the  outside 
fiber  stress  would  be  303  lbs.  per  square  Fig-  l- 

inch.  Similarly,  in  the  case  of  the  |-in.  bar,  the  concrete  must  carry 
462  lbs.  per  square  inch  in  tension.  The  |-in.  and  1-in.  bars  were 
capable  of  carrying  the  entire  load  coming  on  the  beam  containing 
them.  The  beam  containing  the  l|-in.  bar  was  accidentally  cracked 
in  two  vertically  in  the  middle  iu  handling  it  before  putting  it  into 
the  machine,  and  carried  3  000  lbs.  less  concentrated  at  the  center 
than  the  beam  containing  the  1-in.  bar.  As  the  1-in.  bar  had  an  excess 
of  strength  on  the  tension  side,  there  was  no  gain  by  the  use  of  a 
l|-in.  bar,  and  it  is,  therefore,  safe  to  consider  that  the  falling  ofi'  in 
strength  was  due  to  the  cracking  of  the  concrete.  On  this  assump- 
tion, the  concrete  in  the  beam  with  the  1-in.  bar  carried  a  stress  of 
516  lbs.  per  square  inch.  In  the  same  way,  the  beam  containing  two 
IJ-in.  bars  can  be  compared  with  the  beam  containing  two  1-in.  bars, 
which  was  accidentally  cracked  in  two  vertically  in  the  middle;  Ihe 
ultimate  strength  of  the  former  being  23  000  lbs.  concentrated  at  the 
center,  and  of  the  latter  20  000  lbs.  The  3  000  lbs.  concentrated  at 
the  center  would  have  to  be  carried  by  the  concrete  as  a  beam,  and 
this  would  i^roduce  an  outside  fiber  stress  in  tension  of  516  lbs.   per 
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square  inch,  as  in  the  previous  case.     The  average  of  the  foregoing  :^lr.  Wason. 
results  of  maximum  outside  fiber  stress  in  tension  would  be  466  lbs. 
per  square  inch. 

The  neutral  axis  was  determined  for  each  beam,  and  the  total  com- 
pression on  the  area  above  the  neutral  axis  was  calculated.  This,  in 
some  cases,  was  easily  done.  With  the  f-in.  bar,  age  38  days,  the 
maximum  outside  comjjressive  stress  was  2  916  lbs.  per  square  inch; 
|-in.  bar,  age  50  days,  3  161  lbs. ;  1-in.  bar,  age  50  days,  2  544  lbs. ; 
l^-in.  bar,  age  41  days,  2  338  lbs. ;  and  two  l|-in.  bars,  age  42  days, 
2  975  lbs. ;  the  average  of  these  being  2  787  lbs.  per  square  inch. 
The  beam  containing  two  1-in.  bars  (Fig.  2,  Plate  VIII),  age  41 
days,  was  cracked  in  two  in  the  middle  from  top  to  bottom  in  handling, 
therefore  the  entire  tension  must  have  been  carried  by  the  steel  and 
the  entire  compression  was  in  the  concrete.  The  neutral  axis  in  this 
ease  was  10.2  ins.  from  the  bottom,  and  this  gave  a  maximum  outside 
fiber  stress  of  8  588  lbs.,  which  is  very  exceptional;  yet,  on  account  of 
being  cracked  in  two,  the  stresses  were  more  easily  analyzed,  and  the 
result  is  correct. 

In  no  case  did  a  beam  crack  before  the  steel  had  reached  its  elastic 
limit.  The  average  deflection  in  11  ft.  for  twelve  beams  was  0.47 
in.,  and  the  maximum  was  0.76  in.  when  the  first  crack  appeared. 
Every  fracture  was  free  from  air  holes,  and  showed  dense,  evenly- 
mixed  concrete.  In  many  cases  the  stone  sheared  in  two  without  pull- 
ing from  the  mortar. 

The  formula  used  by  the  sj^eaker  for  calculating  concrete  beams  is : 
^_  Wl 
'GfB' 
where  IF  is  the  total  load  in  pounds,  I  the  span  in  inches,  D  the  depth 
in  inches  from  the  top  to  the  center  of  the  bar,  and  /  the  total  fiber 
stress  in  the  steel.  This  formula  was  deduced  at  least  twelve  years  ago. 
The  proof  follows: 


9     gj 


}^D 


^4D 


Fig.  2.  Fig.  3. 

Assume  as  the  fundamental  condition  an  absolutely  jjerfect  bond 
of  union  between  the  steel  and  the  concrete  within  the  limits  of  the 
working  strength  of  the  combination.  Assume  that  the  steel  takes  the 
entire  tensile  stress,  and  the  concrete  the  entire  compressive  stress. 
The  concrete  below  the  bar  is  for  the  purpose  of  holding  it  in  place. 
While  the  concrete  below  the  neutral  axis  certainly  is  in  tension,  it  is 
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not  considered  in  the  computation.  Assume  the  neutral  axis  half  way- 
bet  ween  the  center  of  the  bar  and  the  top  of  the  beam.  The  center 
of  pressure  of  the  compressive  area  is  two-thirds  of  the  height  from 
the  neutral  axis  to  the  top,  and  the  distance  between  this  jjoint  and 
the  center  of  the  bar  is  five-sixths  of  the  depth.  This  is  the  arm  of  the 
moment  of  internal  forces,  which  is  f-D/    For  a  uniformly  distributed 

load  the  moment  of  the  external  force  would  be  — -— .    Equating  the  two 

8 
moments  and  solving  for/,  we  get  the  formula, 

.=  -":^:- 

After  solving  and  finding  the  total  stress  on  the  bar,  a  size  and 
spacing  can  be  selected  which  is  convenient,  and  the  area  of  concrete 
can  be  adjusted  to  resist  the  compression.  The  unit  which  the  speaker 
has  used,  16  000  lbs.  per  square  inch  in  tension  on  steel,  and  for  a 
mixture  of  concrete,  1:3:6,  an  average  of  500  lbs.  jjer  square  inch  in 
compression  on  concrete,  requires  32  sq.  ins.  of  concrete  in  the  upper 
third  of  the  beam  for  each  square  inch  of  steel. 

A  good  many  pieces  of  actual  work  have  been  loaded  with  three 
times  their  calculated  amount,  and  have  shown  no  sign  of  failure 
whatsoever;  therefore,  structures  calculated  in  this  way  are  safe.  The 
beams  tested  at  the  Massachusetts  Institute  of  Technology  carried 
from  4J  to  5  times  the  load  they  were  calculated  to  carry,  according 
to  the  foregoing  formula.  In  these  tests,  with  all  bars  2  ins.  from 
the  bottom,  the  neutral  axis  would  be  7  ins.  from  the  bottom.  As  a 
result  of  measurements  on  twelve  beams,  although  there  was  consid- 
erable variation  in  the  position  of  the  neutral  axis,  the  highest  being 
10.2  ins.,  the  lowest  4.74  ins.,  the  average  was  7.06  ins.,  or  suflftciently 
near  to  check  the  assumption  made  in  the  formula.  This  is  an  ex- 
tremely simjale  formula  for  every-day  use,  and  while  it  may  not  con- 
form to  profound  theory,  it  certainly  gives  safe  results  in  the  design  of 
steel- concrete  strixctures.  The  speaker  believes  this  formula  can  be 
used  for  any  composite  construction  within  the  safe  limit  of  the  bond 
of  union  between  the  steel  and  the  concrete. 

Some  experiments  on  the  bond  of  twisted  steel  have  been  made, 
as  follows:  i-in.  bars  were  imbedded  in  blocks  of  concrete  6  ins. 
square  and  which  varied  in  length  from  12  to  28  ins.  The  bars  pro- 
jected about  2  ft.  from  one  end  of  the  blocks.  One  face  of  the  con- 
crete bore  again.st  a  i)late,  the  bar  j^assing  through  a  hole  in  its  center. 
A  direct  pull  was  applied  to  the  bar,  and  in  each  case,  when  the  length 
exceeded  21  ins.,  the  bar  broke  oiTtside  the  concrete  without  pulling 
therefrom.  In  these  cases  the  ultimate  stress  on  the  steel  averaged 
81  835  lbs.  per  square  inch.  From  the  data  thus  obtained  it  is  possible 
to  determine  the  exact  length  for  bars  of  other  sizes,  and  when  this 
limit  is  exceeded  there  is  no  danger  whatever  of  the  bars  drawing. 
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and  therefore  the  formula  cau  be  apijlied.  If  16  000  lbs.  is  the  working  Mr.  Wason. 
stress  on  the  bar,  it  is  only  necessary  to  imbed  it  one-fifth  of  the  dis- 
tance  as   just    determined    in    order  to   get   the   safe   woiking  bond 
required  by  the  formula. 

This  formula  can  be  applied  to  proportion  the  section  of  steel  in  a 
bridge.  After  determining  the  bending  moment  in  the,  usual  way, 
insert  this  in  the  formula,  and  use  for  the  depth  the  distance  from  the 
center  of  the  bar  to  the  other  face  of  the  arch;  then  solve,  and  the  size 
of  the  bar  which  will  resist  this  moment  is  found.  If  other  stresses, 
such  as  temperature,  are  reduced  to  the  projier  form,  the  steel  cau  be 
proportioned  in  the  same  way  to 
resist  these  stresses. 

The  neutral  axis  for  each  beam 
was  computed  from  theoretical 
grounds,  as  follows: 

=  height  of  beam; 

=  height  of  neutral  axis 
from  the  bottom; 

=  breadth  of  beam;  Fig 

=  breadth  of  square  rod; 

=  height  of  rod  from  bottom  of  beam; 

=  strain  at  one  unit  distance  from  origin 

f 


Let  7i 


<'yo 


AB 


At  distance  y  from  0, 
steel  =  E^n^. 

Beam  with  one 


Ey,/ 

od  in  the  bottom 


Stress   in    concrete  =  Ea, 


/         /  aj  dx  d  1/  —  E  I        I  a,  d.v  dy 
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^  (2  h  y„  -  Ir)  +  i^L_^^  Id'  -  {<:■  +  df  +  2  y„  c]  =  0. 
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Two  rods  in  the  bottom: 

^  (2  h  y,  -  h-)  +  [E,  —  E)c  [d-  —  (c  +  df  +  2  y,,  c]  =  0.     . 

Assuming  the  modulus  of  elasticity  for  concrete  to  be  1  000  000 
and  for  steel  to  be  28  000  000,  the  calculated  neutral  axis  was  lower 
in  every  case  than  the  observed,  the  average  height  being  4.77  ins. 
from  the  bottom.  Assuming  the  modulus  to  be  2  500  000,  the 
average  height  of  the  neutral  axis,  as  calculated  by  the  foregoing 
formula,  was  5.37  ins.  from  the  bottom.  These  results  differ  too 
much  from  the  observed  to  be  reconciled  with  one  another,  and  there- 
fore the  assumptions  made  in  the  deduction  of  the  formula  do  not  agree 
with  practice. 

Curves  were  plotted  for  each  beam,  using  the  deflections  as  ordi- 
nates  and  the  bending  moments  as  abscissas,  and  in  every  case  a 
curve  was  obtained.  The  curve,  however,  as  a  rule,  was  quite  flat. 
Nevertheless,  the  fact  that  it  was  a  curve  proves  that  Hooke's  Law 
does  not  apply  exactly  to  a  composite  beam  of  this  type. 

Five  years  ago  the  speaker  had  a  contract,  in  the  Fall  River  Public 
Library,  in  which  it  was  necessary  to  bring  a  load  of  150  000  lbs. 
upon  a  pier  of  concrete  15  ins.  square,  and  not  being  able  to  find  any 
printed  data  of  tests  on  large  specimens,  he  made  a  series  of  experi- 
ments* at  the  Watertown  Arsenal  on  piers  1  ft.  square  and  varying  in 
length  from  2  to  14  ft.  There  were  three  series.  In  the  first  he  used 
all  hand-mixed  concrete,  1  :  3  :  6,  of  the  proportion  given  previously 
for  beams,  and  of  practically  the  same  quality.  The  second  series  was 
exactly  similar,  excejjt  that  the  concrete  was  machine-mixed;  the  third 
series  was  of  leaner  mixtures. 

The  specimens  were  all  mixed  in  the  open  air  in  midwinter,  and 
filled  into  vertical  moulds,  in  an  oiaen  building  without  heat,  and  were 
allowed  to  freeze  and  thaw,  according  to  the  weather,  until  tested,  at 
an  age  of  from  35  to  47  days.  It  is  the  opinion  of  the  speaker,  from 
observation  and  research,  that  had  these  specimens  been  made  in 
midsummer  and  tested  at  the  same  age,  they  would  have  developed 
about  twice  the  ultimate  strength  recorded  herein.  The  longest  speci- 
mens were  tested  first,  and  were  put  into  the  Emery  machine  in  a 
horizontal  position.  The  counterweight  hung  from  the  center  did 
not  balance  the  weight  of  the  specimens  themselves,  so  that  there 
was  a  bending  moment  prodiicing  an  outside  fiber  stress  of  40  lbs. 
per  square  inch.  Nevertheless,  every  specimen  failed  by  direct 
compression,  the  longest  ones  showing  the  greatest  strength,  although 
they  did  not  have  as  long  a  time  to  set  as  the  short  specimens.  The 
average  of  the  hand-mixed  series  was  989  lbs.  per  square  inch;  of  the 

*  For  full  report  of  these  tests,  see  the  Report  of  the  Watertown  Arsenal  for  the 
year  1897,  "  Tests  of  Metals  and  Other  Materials  for  Industrial  Purposes,"'  pp. 
349-385. 
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inachine-mixed,  1  098  lbs.  per  square  inch,  an  advantage  of  11^"^^  in  Mr.  Wason. 
favor  of  machine-mixing. 

Eeadings  of  the  compression  were  taken  on  ail  beams  6  ft.  and 
more  in  length,  some  with  repeated  stress,  some  with  a  long  lapse  of 
time  between  stresses,  and  many  interesting  facts  were  developed. 
For  instance,  a  load  of  800  lbs.  was  put  on  the  12-ft.  column,  No.  8763, 
and  the  compression  measured  immediately.  After  a  lapse  of  5 
minutes  the  beam  had  regained  a  small  portion  of  its  compression. 
The  same  was  true  of  the  14- ft.  column.  No.  8759.  With  the  10-ft.  col- 
umn, No.  8766,  exactly  the  reverse  took  place.  The  initial  load  in 
every  case  was  100  lbs.  per  square  inch,  and  was  increased  by  100-lb. 
increments  until  the  elastic  limit  was  reached.  The  instruments  were 
then  removed  and  the  specimens  broken.  After  each  application  of 
load,  it  was  removed,  and  the  specimens  regained  their  entire  comj^res- 
sion  up  to  500  lbs.  per  square  inch  in  most  cases,  and  above  this  point 
regained  over  two-thirds  of  the  amount  they  were  comijressed,  showing 
the  material  to  be  quite  resilient. 

Curves  were  plotted  with  the  compressions  as  ordinates  and  the 
loads  per  square  inch  as  abscissas,  and  these  were  quite  Hat,  but  still 
sufficiently  curved  to  show  that  Hooke's  Law  does  not  apjsly  closely, 
except  within  the  limit  of  700  lbs.  per  square  inch.  At  this  load  the 
modulus  of  elasticity  for  hand-mixed  concrete  was  2  500  000  for  an 
average  of  ten  tests;  on  machine-mixed  concrete  it  was  2  870  000  for 
an  average  of  ten  tests.  The  highest  result  of  all  obtained  was 
4  545  000.  The  third  series,  all  machine-mixed,  was  made  with  siaeci- 
meus  all  6  ft.  in  length,  the  first  having  a  mixture  of  1  cement,  3  of  sand 
and  6  of  stone,  the  crushing  strength  being  1  166  lbs.  per  square  inch; 
second,  1:4:8  mixture,  crushing  strength  849  lbs.  per  square  inch; 
third,  1:5:10,  crushing  strength  728  lbs.  per  square  inch;  fourth, 
1:6:12,  crushing  strength  483  lbs.  per  square  inch;  fifth,  1:7:13,  crush- 
ing strength  432  lbs.  per  square  inch.  A  curve  was  plotted  for  these, 
using  for  ordinates  a  ratio  of  the  volume  of  cement  to  the  volume  of 
concrete,  and  for  abscissas  pounds  per  square  inch,  and  it  was  found 
that  the  points  coiild  be  represented  by  a  straight  line,  thus  showing 
that,  within  these  limits,  the  strength  of  the  concrete  is  directly  j)ro- 
portional  to  the  amount  of  cement  used. 

Another  test  of  the  relative  strength  of  hand  and  machine-mixed 
concrete  might  be  mentioned.  A  contractor  got  into  an  argument  with 
the  sul^er^^sing  engineer  on  a  piece  of  work  over  the  quality  of  con- 
crete mixed  by  a  certain  type  of  concrete  mixer.  This  was  settled  by 
a  test  of  1-ft.  cubes  made  at  the  Watertown  Arsenal.  The  concrete 
was  composed  of  1  part  of  Giant  cement,  3  parts  of  sand  direct  from 
the  bank,  and  5  j^arts  of  broken  stone  passing  a  2|-in.  ring,  with  all 
material  passing  a  i-in.  ring  screened  out.  The  specimens  were  tested 
at   90  days.     The  machine-mixed  specimens  averaged  4  263  lbs.  per 
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Mr.  Wasou.  square  inch;  the  hand-mixed,  which  were  a  little  better  in  quality  than 
is  obtained  in  every-day  practice,  averaged  3  187  lbs.  per  square  inch; 
an  advantage  of  25J%'  in  favor  of  machine-mixing.  The  machine  in 
question  was  the  Portable  Gravity  Concrete  Mixer. 

The  speaker  also  made  a  groined  vault  which  was  as  near  as  possible 
an  eighth-scale  model  of  a  room  27  ft.  9  ins.  by  33  ft.  6  ins.,  the  speci- 
men being  52  ins.  long  and  42  ins.  wide.  Arch  ribs  sprung  diagonally 
from  one  corner  to  the  other  with  a  rise  of  one-tenth  of  the  span.  The 
arch  vault  sprung  between  them  with  a  rise  equal  to  that  of  the  ribs 
at  the  center.  The  ribs  were  1  in.  wide  and  2  ins.  deep,  the  vaults 
^  in.  thick.  The  concrete  was  composed  of  1  part  cement,  2  parts 
sand  and  4  parts  stone  grit.  A  load  was  applied  at  eight  points  near 
the  crown,  four  on  the  ribs  and  four  on  the  vault,  and  the  specimen 
carried  26  605  lbs.  before  failing. 

All  the  foregoing  figures  would  indicate  that  a  somewhat  higher 
working  stress  can  be  used  in  concrete  than  has  been  customary.  The 
speaker,  in  his  practice,  has  been  in  the  habit  of  using  for  a  1:3:6  con- 
crete (his  standard),  500  lbs.  per  square  inch  in  compression,  80  lbs. 
per  square  inch  in  tension,  and  a  ratio  of  steel  area  to  concrete  area  of 
1  to  32,  using  16  000  lbs.  as  the  stress  in  steel.  While  the  foregoing 
experiments  would  indicate  that  still  higher  pressures  are  possible 
with  safety,  the  speaker  does  not  recommend  any  increase  until 'these 
results  have  been  checked  by  other  experimenters.  With  the  rapid 
increase  in  the  quality  and  uniformity  of  Portland  cement,  he  believes 
that  in  a  short  time  it  will  be  possible  to  use  larger  unit  stresses  than 
are  now  customary;  or  leaner  mixtures,  with  the  present  unit  stresses, 
without  any  danger  whatever  of  exceeding  safe  limits  of  strength. 
Mr.  Johnson.  A.  L.  JoHNSON,  Assoc.  M.  Am.  Soc.  C.  E. — While  steel  and  concrete 
have  been  used  in  combination  for  hundreds  of  years,  the  real  scientific 
genesis  of  steel-concrete  construction  is  comparatively  recent,  and 
much  experimental  work  yet  remains  to  be  done  before  the  subject  is 
fully  understood.  This  work  is  being  rapidly  prosecuted,  however, 
especially  abroad,  and  it  will  probably  not  be  long  before  the  science 
is  fully  developed.  We  will  then  have  our  steel-concrete  engineers  as 
we  now  have  our  bridge  engineers. 

So  far  as  the  speaker  has  been  able  to  discover,  the  first  man  to  use 
these  materials  in  a  scientific  manner,  the  metal  being  imbedded  in 
the  lower,  or  tension,  side  of  the  concrete,  was  W.  E.  Ward,  who  in 
1875  constructed  a  building  at  Port  Chester,  N.  Y.,*  m  which  "not 
only  all  the  external  and  internal  walls,  cornices  and  towers  were  con- 
structed of  beton"  (the  word  concrete  was  not  then  in  use),  "but  all 
the  beams  and  roofs  were  exclusively  made  of  beton,  reinforced  with 
light  iron  beams  and  rods. " 

In  1869  Francois  Coignet,  of  Paris,  took  out  letters  patent  on  a 
*  Transactions,  Am.  Soc.  Mech.  Engrs..  Vol.  iv,  p.  a8S. 
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combination  of  beton  and  iron  rods,  but  be  bad  no  conception  of  tbe  Mr.  Johnson. 

proper  nietbods  of  using  tbe  materials.     Neither  bad  Monier.  wbo,  in 

1876,  built   some  flower-pots  of  beton  and  wire.     He  used  tbe  iron 

merely  as  a  webbing,  wbicb  was  preferably  placed  in  tbe  neutral  axis 

of  tbe  slab.     For  circular  tanks  or  such  constructions  as  placed  tbe 

whole  cross-section  in  tension  this  was  not  an  improper  method,  but 

was,  of  course,  of  no  value  in  resisting  a  bending  stress. 

Ward,  however,  bad  the  real  scientific  idea,  and  built  rods  into  the 
lower  side  of  his  concrete  beams  and  floor  joists  much  as  is  done 
to-day.  He  had  no  formulas  to  guide  him,  but  relied  upon  bis 
judgment. 

In  the  following  year,  1876,  Tbaddeus  Hyatt,  of  England  (recently 
deceased),  began  some  experimental  work  on  concrete  and  metal  con- 
struction, his  tests  being  made  by  Kirkaldy,  and  in  1877  he  published 
a  book  giving  the  results  of  his  experiments.  The  tests  were  inter- 
esting and  of  much  value  in  the  develoj^ment  of  the  science. 

Perbaps  the  first  approximately  correct  formulas  for  the  strength 
of  this  class  of  construction  were  derived  by  Julius  Mandl,  in  Ger- 
many, by  tbe  method  of  least  work,  and  about  the  same  time,  in  this 
country,  by  J.  B.  Johnson,  M.  Am.  Soc.  C.  E.,  using  another  method, 
both  giving  the  same  equations. 

Later,  in  1898,  L.  A.  Sanders,  Engineer  for  the  Monier  construction 
at  Amsterdam,  i^ublisbed  an  elaborate  treatise  on  the  science  of  this 
construction. 

All  the  foregoing  investigators,  bowever,  took  for  the  ultimate 
strength  of  the  construction  the  proportionate  elongation  at  wbicb 
the  concrete  on  the  tension  side  would  fail  when  no  metal  reinforce- 
ment was  used.  Given  a  certain  modulus  of  elasticity  for  the  con- 
crete in  tension,  and  a  certain  tensile  strength,  it  seemed  evident  tbat 
this  would  fix  the  maximum  proportionate  distortion  obtainable  in 
the  concrete.  Then  when  tbe  concrete  had  failed  on  the  tension  side 
it  was  assumed  that  the  formulas  would  no  longer  be  available,  and 
that,  even  if  the  maximum  strength  bad  not  been  reached,  the  con- 
struction was  in  an  unsafe  condition  owing  to  tbe  exijosure  of  the 
metal  reinforcement. 

The  speaker  believes  he  was  the  first  to  point  out,  at  least  in  this 
country,  the  error  of  these  assumptions,  and  tbat  a  section  plane 
before  bending  was  still  a  jilane  after  the  concrete  on  the  tension  side 
had  passed  far  beyond  its  limit  of  strength.  He  bad  observed  on 
tests  made  under  bis  direction  tbat  tbe  cracks  which  certainly  ought 
to  have  been  there  were  not  visible  even  on  a  plastered  surface  with 
five  to  ten  times  the  maximum  proportionate  distortion  obtainable 
when  no  metal  reinforcement  was  used. 

It  was  bis  idea  at  this  time  that  the  metal  served  as  an  equalizer  of 
slight  variations  in  the  strength  at  diff"erent  places  in  the  concrete. 
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Mr.  Johnson,  and  that  the  cracks,  though  undoubtedly  present,  were  so  greatly 
distributed  and  divided  \\p  as  to  be  too  fine  to  be  visible.  This  being 
the  case,  it  seemed  evident  that  for  all  practical  purposes,  at  any  rate, 
a  section  plane  before  the  point  was  reached  at  which  this  rupture 
was  supposed  to  occur  would  still  be  a  plane  after  passing  this  point; 
in  which  case  the  same  formulas  would  ai^ply,  it  being  only  necessary 
to  omit  from  the  moment  of  resistance  the  moment  due  to  the  concrete 
in  tension,  which  did  not  amount  to  very  much  anyway. 

The  next  important  contribution  to  the  literature  on  this  subject 
seems  to  have  been  made  by  M.  Considere,  Ingenieur  en  Chef  des 
Fonts  et  Ohaussees,  Paris,  who  published*  quite  a  long  discussion  on 
the  subject,  the  basis  of  which  was  a  series  of  tests  made  by  him  on 
specimens  about  2-4  ins.  long  by  2|  ins.  square,  subject  to  uniform 
bending  moment  throughout  their  middle  portion.  The  specimens  were 
made  of  a  Portland  cement  and  sand  mortar,  some  having  metal  im- 
bedded and  others  of  the  same  batch  with  no  metal.  The  metal  was 
round  iron  rods  or  wire,  no  transverse  metal  being  used,  to  avoid  com- 
plications in  the  stresses. 

His  studies  embrace  the  following  points:  Graphical  and  algebraic 
determinations  of  the  moment  of  resistance  of  armed  pieces,  influence 
of  the  quality  of  the  concrete  and  of  the  armatures,  the  most  economi- 
cal percentage  of  metal,  eflect  of  bad  workmanship,  value  of  the 
factor  of  safety,  and  the  utility  of  symmetrical  armatures,  by  which 
is  meant  those  running  in  two  directions  at  right  angles  to  each  other 
such  as  is  used  in  Monier  constructions.  M.  Considere's  article  marks 
a  distinct  advance  in  the  science.  While  it  is  impossible  here  to 
enter  into  a  description  of  the  experiments  and  a  discussion  of  the 
paper — in  fact,  it  contains  much  that  is  neither  new  nor  of  especial 
interest  in  this  country — it  is  necessary  to  mention  certain  imjiortant 
results  obtained,  having  as  they  do,  an  enormoiis  influence  on  the 
scientific  design  of  steel-concrete  structures. 

These  results,  as  to  which  the  evidence  seems  conclusive,  are  as 
follows: 

1. — In  armed  concrete  beams,  the  concrete  on  the  tension  side  will 
submit,  without  mixture,  to  a  proportionate  distortion  of  from  ten  to 
twenty  times  that  at  which  it  woiild  fail  in  an  unarmed  direct  tension 
test.  It  will  also  have,  during  the  additional  period  of  distortion,  a 
strength  nearly  equal  to  its  maximum  strength  in  direct  tension. 

2. — Severe  interior  stresses  are  introduced  in  armed  concrete  con- 
structions where  rich  concrete  mixtures  are  used,  owing  to  the  shrink- 
age of  the  latter  during  the  first  eighteen  months  if  exposed  to  the  air, 
or  a  corresijonding  swelling  during  the  period  if  in  submarine  work. 
For  neat  cement  this  amounts  to  2  mm.  per  meter,  decreasing  with  the 
quantity  of  base  material  added. 

*  Le  Oenie  Civil,  February  4th  to  25th,  1899. 
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3. — Tliese  interior  stresses  are,  to  a  considerable  extent,  relieved  by  Mr.  Johnson, 
the  slipping  of  the  bars  or  rods  in  tbe  concrete,  as  to  which  action  he 
says  his  tests  leave  no  room  for  doubt.  The  stress  is  also  relieved  in 
time,  if  cracks  are  not  previously  developed,  by  what  he  calls  the 
tendency  of  the  concrete  to  eventually  yield  somewhat  to  a  soliciting 
force. 

With  regard  to  the  determination  of  the  first  restilt,  M.  Considere 
subjected  an  armed  beam  to  a  bending  giving  20  times  the  pro- 
portionate distortion  in  the  concrete  in  tension  at  which  it  should  have 
failed,  and  then  subjected  it  to  139  repetitions  of  loadings  where  the  pro- 
portionate distortion  in  the  concrete  ranged  from  4-|  to  13  times  the 
maximum  obtainable  from  an  unarmed  piece.  He  then  carefiilly  cut 
out  an  annular  ring  of  concrete  surrounding  one  of  the  rods  and  found 
not  only  that  it  was  not  cracked,  but  that  it  was  still  capable  of  carry- 
ing nearly  its  maximum  load. 

It  seems  scarcely  possible  to  obtain  more  conclusive  evidence  than 
this.  It  is  certainly  a  great  surprise  to  the  speaker,  who  has  always 
believed  that  the  cracks  were  really  there,  though  so  fine  as  to  be 
invisible. 

The  next  result  was  determined  from  a  neat-cement  specimen, 
1x2^  ins.  in  cross-section,  having  a  ro-iu.  rod  imbedded  in  the  cen- 
ter. The  rod  was  originally  measured,  imbedded  in  the  concrete, 
and  then  after  being  immersed  in  water  for  some  time,  measured 
again.  The  cement  was  then  stripped  off  and  the  length  again 
determined,  when  it  was  found  to  be  of  the  same  length  as  origi- 
nally, though  having  been  materially  longer  on  the  second  measure- 
ment. In  this  way  it  was  ascertained  that  the  rod  had  been  s^ibjected 
to  a  tensile  stress  of  17  070  lbs.  per  square  inch,  and  the  concrete  to  a 
compressive  stress  of  937  lbs.  per  square  inch. 

These  values  are  very  high,  and  render  the  advisability  of  the  use 
of  very  rich  mixtures  in  steel-concrete  construction  questionable. 

The  third  result  obtained,  however,  indicates  that  relief  from  this 
stress  will  probable  be  afforded  on  account  of  the  slipping  of  the  bars 
in  the  concrete,  and  the  tendency  of  the  concrete  to  gradually  yield  to 
a  continuing  force.  The  speaker  fails  to  see  any  consolation  whatever 
in  this. 

Accepting  the  reliability  of  these  three  results,  and  summing  up 
their  eft'ect  upon  the  design  of  steel-concrete  structures,  we  arrive  at 
the  following  conclusions: 

1. — The  maximum  moment  of  resistance  of  steel-concrete  beams 
should  include  the  tensile  strength  of  the  concrete  as  one  of  the  ele- 
ments thereof,  operating  to  almost  its  maximum  capacity.  There  will 
be  no  cracks  in  the  concrete  on  the  tension  side  previous  to  the  develoiJ- 
ment  of  this  maximum  moment. 

2. — On  account  of  excessive  shrinkage  stresses,  we  should  avoid,  in 
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[r.  Johnson,  steel-concrete  construction,  the  use  of  very  ricli  mixtures  of  concrete. 
The  speaker  would  construe  this  as  referring  more  particularly  to  the 
usual  mortar  mixtures  rather  than  to  the  ordinary  proportions  in  con- 
crete work. 

3. — To  avoid  the  sliijping  of  the  metal  in  the  concrete,  dependence 
should  not  be  placed  solely  upon  the  adhesion  of  the  concrete  to  the 
surface  of  the  metal;  bitt  the  rods  should  be  so  constructed  as  to  have 
an  additional  and  more  reliable  form  of  bond. 

The  adhesion  is  very  great  originally,  and  entirely  sufficient  for  our 
needs;  but  the  slijaping  undoubtedly  occurs  through  the  weakening  of 
this  adhesion  by  vibrations  and  shocks  to  which,  more  or  less,  all 
structures  are  subjected. 

It  is  entirely  apart  from  the  purpose  of  this  discussion  to  present 
anything  as  to  the  characteristics  or  relative  merits  of  the  varioiis  styles 
of  steel-concrete  construction  now  on  the  market,  many  of  which  are 
jjrotected  to  a  greater  or  less  degree.  The  foregoing  conclusions, 
however,  give  reliable  criteria  for  the  determination  of  these  merits. 

That  the  concrete  does  not  fail  at  all  in  tension,  for  proijortionate 
distortions  amounting  to  20  times  as  much  as  it  ought  to  be  able  to 
stand,  is  to  the  speaker  the  most  interesting  of  M.  Considere's  results. 
As  to  the  others,  they  only  serve  to  substantiate  previous  impressions. 
It  is  certain  that  the  cracks  do  not  show,  but  that  they  do  not 
exist  would  be  impossible  of  acceptance  except  on  the  strength  of  such 
elaborate  and  precise  experiments  as  M.  Considere  has  conducted. 

To  the  speaker's  knowledge,  nobody  as  yet  has  confirmed  the  first 
result,  and  it  may  be  that  many  engineers  will  wait  for  this  before 
accepting  it.  For  this  reason  the  formulas  following  are  based  upon 
the  concrete  in  tension  being  of  no  value  in  the  moment  of  resistance 
of  the  cross-section.  We  are  all  the  more  willing  to  make  this  conces- 
sion to  the  natural  conservatism  of  careful  engineers,  since,  after  all, 
the  effect  is  inconsiderable  except  where  very  rich  mixtures  are  used, 
which,  as  has  been  shown,  are  not  advisable  in  this  class  of  construc- 
tion. 

Let  -E.    =  Modulus  of  elasticity  of  steel,  in   jsounds   per   square 
inch; 
E^    =  Modulus  of  elasticity  of  the  concrete  in  compression, 

in  pounds  per  square  inch ; 
F     =  Elastic  limit  of  steel,  in  pounds  per  square  inch; 
/,,      =  Compressive  strength  of  concrete,  in  pounds  per  square 

inch; 
h       —  Width  of  section  cotsidered,  in  inches; 
a'     =  Area  of  bars,  in  square  inches; 
d      =  Spacing  of  bars,  in  inches; 

—      =  Amount  of  metal  per  inch  in  width,  in  square  inches; 
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J/y    =  Moment  of  ultimate  resistance  of  cross-section,  in  incli-  Mr 
pounds,  for  failure  in  tension; 

J/^'  =  Moment  of  ultimate  resistance  of  cross-section,  in  inch- 
pounds,  for  failure  in  compression; 

M    —  Bending  moment  of  external  forces,  in  inch-pounds; 

W   =  Total  load  on  beam,  in  pounds; 

«)      =  Uniformly  distributed  load,  in  pounds  j^er  square  foot; 

Pg    =  Total  stress  on  metal  in  width  b; 

P^    =  Total  stress  on  concrete  in  width  h; 

Ai     =  Unit  elongation  of  extreme  fiber  in  compression; 

Ao     =  Unit  elongation  of  steel; 

e  =  The  distance  from  the  bottom  of  the  concrete  to  the 
middle  plane  of  the  metal,  in  inches. 
As  we  cannot  count  on  developing,  at  the  maximum  load,  a  stress 
in  the  metal  much  greater  than  its  elastic  limit,  it  is  well  to  use  steel 
with  as  high  an  elastic  limit  as  is  consistent  with  such  ductiKty  as  may 
be  necessary  in  the  particular  construction  used.  Though  it  is  often 
possible  in  these  constructions  to  break  the  metal  reinforcement 
entirely  in  two,  yet  the  high  stress  in  the  metal  which  this  implies  is 
not  developed  until  long  after  the  construction  as  a  whole  has  attained 
its  maximum  carrying  capacity. 

It  will  be  assumed,  therefore,  that  the  modulus  of  elasticity  of  the 
steel  is  constant  up  to  the  development  of  the  value  F,  which  is  prac- 
tically the  elastic  limit,  at  which  time  the  construction  as  a  whole  has 
reached  its  maximum  resistance. 
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Fig.  5.  Fig.  0. 

This  condition  does  not  hold  on  the  concrete  side.  Here,  the  maxi- 
mum load-carrying  capacity  will  occur  when  the  extreme  fiber  stress  on 
the  concrete  becomes  ei^ual  to  its  compressive  strength,  assuming  that 
there  is  enoiigh  steel  used  to  develop  it.  When  this  occurs,  the  stress 
diagram  will  be  as  shown  above  the  neutral  axis  in  Fig.  6.  On  this 
diagram  the  total  stress  P,,.  equal  to  the  area  of  the  shaded  portion,  is 
about  25°^  greater  than  the  area  between  the  lines  o  n  and  o  .s.  The 
speaker  has  examined  a  large  number  of  stress  diagrams  and  finds  that 
this  is  true  within  reasonably  close  limits  for  both  rock  and  cinder  con- 
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Mr.  Johnson,  cretes  of  the  usual  mixtures.  Also,  in  the  same  way,  it  was  deter- 
mined that  the  modulus  of  elasticity  as  represented  by  the  tangent  of 
the  angle  n  o  s  is  in  rock  concrete  only  two-thirds  and  in  cinder  concrete 
one-half  as  much  as  the  value  of  the  original  modulus,  represented  by 
the  tangent  of  the  angle  m  o  s,  which  is  the  one  usually  given  in  test 
rejDorts. 

Si>igle-Span  Beams  on  Knife-Edge  Supports. — Referring  to  Figs.  5 
and  6  we  have 

--^'^ 

Then  the  strain,  or  stretch  of  the  metal  is, 

and  P,  =  E.  A.,  ^. 
On  the  comjDression  side  we  have, 

A,  =  A.,  — ^,  and  the  resulting  stress  is, 
-  y,  ^ 

f^  =  Aj  — —£  for  rock  concrete,  and  Aj  -~  for  cinder  con- 
crete; 

w,  2  E  V,  E 

=  A.,  ^^  — — '■  for  rock  concrete,  and  A.,  ^-^  -7^  for  cin- 

"  y-i   ^  '  y-i  ^ 

der  concrete. 

Also  P^    =    •  '^     •  ^  for  both  rock  and  cinder  concretes. 

o 

Then  P,.  =  V-i—- ^ — '-  foi'  i"ock  concrete, 

12  y.j 

,        .5  h  ii-r  A.,  E,.  .       .    ^  , 

and  =  i-i — - — -  tor  cinder  concrete. 

lb  1/2 

But     P^  =  P,;  hence, 

_  .    «"  5       5  b  y?  A.,  E 

E  A.,     —  = Vk — - —  for  rock  concrete, 

'  ^    d  12  y., 

from  which  y{-  =  —-  y  '    -  for  rock  concrete (1) 

■„  ^    a'  b       5  b  w,"  A.,  E,,  .        .    ,  , 

Also  E.  A.,  — r  = i\. — " — -  for  cinder  concrete, 

^    ■    (i  16  y-z 

from  which  y^-  =  — K~rF^'  ^"^'  ^'^^^^'^  concrete (2) 

For  the  moments  of  resistance  of  the  cross-section  we  make  no 
appreciable  error  if  we  assume  that  the  location  of  the  resultant 
pressure  on  the  compression  side,  or  the  center  of  gravity  of  the  upper 
shaded  area  in  Fig.  6,  is  where  it  would  be  if  the  figure  were  a  triangle. 
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"We  tlieu  have,  Mr.  Johnson. 

M,  =  P,y,  +  ^-^1  --=  ^  (3  ./,  +  2  ,/J  =  ^^  (3  y,  +  2  j/,)..  .  .  (3) 

m:  =  n  .y,  +  ^'  =  ^  (3  ./,  +  2  ;,,)  =  ^^'  (3  ./,  4-  2  ./,). . .  (4) 
"We  also  have, 

t  =  !/i  +  t/-2  +  (^ (5) 

The  value  e  varies  -with  the  thickness  and  also  the  character  of  the 
metal.  It  should  not  be  less  than  ^  in.  for  bars,  nor  less  than  the 
thickness  of  the  bar  used.  In  such  a  material  as  expanded  metal,  in 
Avhich  the  metal  runs  along  jilanes  inclined  with  the  horizontal,  this 
distance  may  be  as  small  as  |  in.  In  calculating  any  given  construction 
the  value  e  is  first  inserted  in  (5)  which  is  then  combined  with  either 
(1)  or  (2),  depending  upon  which  kind  of  concrete  is  used,  to  get 
the  values  of  j/,  and  y.>-  These  values  inserted  in  (3)  and  (4)  give  the 
moments  of  resistance,  the  smaller  of  the  two  values  being  used  as  the 
strength  of  the  section. 

Slngle-Spcui  Beams  on  Knife-Edge  Siippo)-ts  of  Equal  Strength  above 
and  below  the  Neutral  Axis. — Here  M^  becomes  equal  to  il/^  or, 
Fa^b       5bf,y^    .  ,  .  -,     «^       /,■  y, 

Combining  (1)  and  (6),  and  (2)  and  (6)  we  have, 

!/2  =  'I;-  for  rock  concrete (7) 

3y,-  Ai 

and      =  '-'j/^    for  cinder  concrete (8) 

^/.:  A,- 

Introducing  these  values  in  (4),  we  have, 

3i;  =  M,  =  ril^^^i  +  _^At-1  3/^2  f^j.  ^.Q^jj  concrete (9) 

and 

Mj  =  31,  —  -f  '^-j^'     j/,'-  for  cinder  concrete (10) 

In  designing,  where  one  is  using  a  metal  the  quantity  of  which  can 
be  altered  at  will,  then  the  construction  should  be  made  of  equal 
strength  in  tension  and  compression,  or  31^  =  31j.  In  this  case,  if  we 
desire  to  obtain  a  moment  of  resistance  equal  to  a  given  bending 
moment,  31,  we  have, 

3fJ  =  31,  and  from  (9)  and  (10) 


\J5  bFE^ 


yi  —  ±  S^5  b  F  E^       5  bf,,  for  rock  concrete (11) 


12  ^.     "^     12 


\\hb 


31 


and  V,  =  zh  \5  ft  i^  A       5  bf,.  for  cinder  concrete (12) 
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Mr.  Johnson.  Eqiiations  (11)  and  (12)  are  very  simple,  as  it  will  be  noticed  that, 
knowing  the  kind  of  concrete  to  be  used,  the  radicals  reduce  at  once 
to  numerical  fractions.     When  ij^  is  thus  determined  we  get  —  from 

(6)  and  y.,  from  (7)  or  (8).  -  -gives  the  amount  of  metal  required  for 
width  b.  The  thickness  of  the  concrete  and  the  spacing  of  the  bars 
will  then  only  depend  upon  the  size  of  the  bars  used. 

Floor  Panels.  —  The  foregoing  formulas  apply  to  steel-concrete, 
single-span  beams,  supported  on  knife-edges  at  the  ends.  The  dis- 
cussion is  wholly  inadequate  when  applied  to  the  carrying  capacity  of 
such  construction  as  is  used  in  flooring  where  there  are  havinches  on 
the  beams  and  flooring  in  the  adjacent  panels.  There  has  not,  as  yet, 
been  developed  a  scientific  discussion  of  the  strength  in  such  cases, 
and  it  is  doubtful  if  there  ever  will  be.  It  is  known,  in  general,  that 
a  slab  of  a  given  thickness  will  carry  more  than  twice  as  much,  when 
incori^orated  in  a  floor,  as  it  will  when  tested  as  a  beam  simjjly  sup- 
jiorted  at  the  ends. 

In  fact,  on  spans  of  4  ft.  this  ratio  is  more  than  3  to  1,  though 
probably  this  excess  is  entirely  due  to  the  fact  that,  m  testiug,  a  uni- 
formly distributed  load  is  generally  used  which  will  always  arch  con- 
siderably, no  matter  what  the  material^  may  be.  It  is  only  fair, 
however,  that  the  short  spans  should  be  allowed  this  advantage,  as, 
when  in  use,  the  stored  material  cannot  act  otherwise.  So  far  as  con- 
centrated loads  in  jDractice  are  concerned,  except  in  special  cases  of 
rare  occurrence,  their  effect  is  much  over-estimated,  and  the  special 
cases  could  receive  individual  ti'eatment. 

While,  as  has  been  said,  it  is,  as  yet,  impossible  to  give  a  truly 
scientific  discussion  of  these  matters,  we  can  arrive  at  an  idea  of  the 
conditions  by  considering  that  the  haunches  on  the  beams  produae  a 
continuous-girder  action,  such  that  the  external  bending  moment  in 
the  middle  is  only  two-thirds  as  great  as  if  it  were  free  at  the  ends. 
Also  that  the  floor  in  the  adjacent  panels  produces  an  interior  arch- 
ing action  within  the  thickness  of  the  slab,  adding  about  one-third 
to  the  area  of  the  compressive  stress  diagram,  this  extra  compression 
being  counteracted  by  the  adjacent  floor  panels  instead  of  by  the 
metal  reinforcement.  The  effect  of  these  two  elements  is  to  double 
the  strength  of  the  beams  as  used  in  floors. 

On  spans  of  4  ft.  in  length  uniformly  loaded  with  any  material  not 
a  grain  or  fluid,  we  can  safely  add  another  bQ%  to  the  moment  of 
resistance  on  account  of  the  arching  eff"ect  previously  alluded  to. 
For  zero  span  this  effect  would  be  infinite,  and  for  infinite  span  it 
would  be  zero.  We  would  then  have,  for  the  curve  of  correction  to 
the  moment  of  resistance,  a  hyperbola,  as  shown  in  Fig.  7,  passing 
through  a  percentage  of  50  at  a  span  of  4  ft.,  and  having  the  axes  as 
asymptotes. 


DISCUSSION    ON    STEEL-CONCRETE    CONSTRUCTION. 


119 


Mr.  Johnson. 
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Mr.  jobnson.  Of  coui'se,  the  arching  action  varies  with  the  deflection  and  also 
with  the  strength  of  the  construction,  the  latter  determining  the 
height  of  the  load.  These  are  allowed  for,  in  the  speaker's  experi- 
ence with  concrete  and  metal  constructions,  by  the  selection  he  has 
made  of  50j?(f  at  a  span  of  4  ft. 

The  whole  argument  as  applied  to  floor  panels  is  admittedly  a 
posteriori,  the  speaker  having  had  much  experience  with,  at  any  rate, 
certain  styles  of  construction,  and  knowing,  therefore,  in  advance, 
about  what  his  formulas  should  show.  At  least,  the  method  has  the 
merit  of  being  safe. 

The  speaker's  practice  is,  therefore,  as  follows: 

For  steel-concrete  beams  simply  supported  at  the  ends,  use  for  the 
moment  of  resistance  Formulas  (3),  (4),  (9)  and  (10). 

For  floor  construction,  double  the  values  given  by  the  foregoing 
formulas  and  add  to  thisa  jDercentage  dejjending  upon  the  span  length 
and  obtained  from  Fig.  7. 

For  special  cases  of  floor  construction,  where  heavy  concentrated 
loads  are  used,  reduce  the  same  to  the  equivalent  non-arching  uni- 
formly-distributed load  and  then  double  the  values  in  Formulas  (3), 
(4),  (9)  and  (10),  and  add  no  percentage. 

The  speaker  has  tables  for  the  design  of  the  special  kinds  of  steel- 
concrete  constructions  used  by  him  and  for  the  concrete  materials 
found  in  the  territory  of  his  operations. 

As,  however,  these  tables  would  not  be  applicable  to  other  kinds  of 
metal  reinforcements,  or  to  other  localities  where  different  kinds  of 
materials  are  used  in  the  concrete  work,  it  is  thought  inadvisable  to 
give  them  here. 

It  has  been  found  that  the  elements  of  strength  of  concrete  vary  a 
great  deal  ^dth  different  classes  of  materials,  and  the  speaker  would 
recommend  that  on  any  large  work  these  functions  be  especially  deter- 
mined. This  applies  jjarticularly  to  the  compressive  strength,  and  the 
comjiressive  modulus  of  elasticity. 

8o  far  as  floor  construction  is  concerned,  it  is  evident  that  the  last 
word  has  by  no  means  been  said  upon  the  subject  of  the  theory  of  the 
combination  of  steel  and  concrete.  But  the  speaker  will  be  satisfied  if 
he  has  shown  that  oiir  knowledge  is  sufficient  to  give  a  safe  and  at  the 
same  time  a  fairly  economical  design. 

As  to  simple  beams,  our  knowledge  is  precise  and  sufficient. 

So  far  as  the  other  questions  are  concerned,  with  regard  to  the  reli- 
able use  of  these  materials  in  combination,  it  would  seem  that  they,  too, 
have  been  practically  all  answered  in  the  affirmative. 

The  coefficients  of  expansion  are  so  nearly  alike  that  no  possible 
variations  in  temperature  can  produce  any  ill  effects. 

As  to  corrosion,  bars  may  be  imbedded  in  either  rock  or  cinder  con- 
crete, if  it  is  well  mixed  and  has  a  reasonable  quantity  of  cement,  say 
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1:3:6,  and  left  exposed  to  the  elements  for  years  and  be  as  bright  and  Mr.  Johnson. 
clean  when  cut  out  as  the  day  they  were  placed.     Cinders  containing  a 
large  percentage  of  sulphur  will  give  just  about  as  good  a  result,  as 
these  i^articles  are  covered  over  and  rendered  ineffective  by  the  Port- 
land cement  water,  or  grout,  that  permeates  the  whole  mass. 

As  to  its  use  in  fire-proofing,  where  cinder  concrete  is  used,  the  bar- 
riers have  all  been  burned  away,  it  having  stood  the  severest  test,  both 
at  home  and  abroad. 

The  admirable  thing  about  this  class  of  construction  is  the  reliabil- 
ity with  which  a  desired  result  can  be  obtained,  and  the  performance 
again  and  again  duplicated.  One  must,  of  course,  know  his  materials. 
This  is  the  quality  that  makes  possible  the  development  of  the  scien- 
tific theory,  and  renders  it  available  for  high-class  engineering  work. 

The  lireceding  part  of  this  discussion  aiDpUes  particularly  to  flat- 
slab  constructions  rather  than  to  deep  beams.  For  such  beams  the 
value  of  the  concrete  in  tension  becomes  of  some  consequence.  It  is 
impossible,  however,  to  give  a  general  expression  for  the  moment  of 
resistance,  taking  account  of  this  element,  without  having  an  equation 
for  the  curve  of  the  compressive  stress  diagram  for  the  concrete  used. 
Bach  has  derived  such  equations,  exponential  in  form,  and  they  have 
been  used  by  L.  A.  Sanders,  of  Amsterdam,  Engineer  for  the  Monier 
Construction,  in  his  j^amphlet  on  "Cement-Iron  Construction,"  pub- 
lished in  1899,  of  which  the  writer  has  made  an  English  translation . 
But  the  equations  were  complicated  and  the  treatment  was  incorrect 
in  some  particulars,  especially  with  regard  to  fixing  upon  the  propor- 
tionate distortion  at  which  the  concrete  should  fail  in  tension  as  the 
maximum  capacity  of  the  beam.  This  was  known  to  be  improj^er, 
even  at  that  time,  and  later,  M.  Considere's  results,  previously  referred 
to,  gave  precise  information  on  tliis  point. 

Mr.  Sanders  handled  his  equations  well,  however,  and  demon- 
strated that  it  would  be  possible  to  take  account  of  the  curvature  of 
the  compressive  stress  diagram  in  the  equations  for  the  moment  of 
resistance.  To  get  even  an  approximately  correct  formula  for  the 
moment  of  resistance  of  a  given  construction  made  up  haphazard,  it 
would  be  necessary  to  introduce  in  the  formula  an  equation  expressing 
this  relation  between  the  stress  and  the  strain,  or /(.and  E^. 

For  the  writer's  part,  he  is  not  particularly  interested  in  knowing 
how  badly  or  how  well  other  work  has  bsen  designed,  his  chief  concern 
being  to  try  and  design  correctly  himself;  and  for  such  cases  the  for- 
mulas can  be  simplified. 

The  correctly  designed  beam  will  be  one  of  symmetrical  strength; 
one  equally  likely  to  fail  above  or  below  the  neutral  axis.  This  means 
that  the  full  comj^ressive  strength  of  the  concrete  will  be  develo^jed, 
and  that  the  full  elastic  limit  of  the  steel  will  be  reached. 

When  these  two  things  occur  it  is  known  that  the  concrete  in  tension 


122 


DISCUSSION    OJSr   STEEL-CONCRETE    CONSTRUCTION. 


Mr,  Johnson,  has  long  i^assed  tlie  time  at  which  its  maximum  strength  was  arrived 
at,  which  strength,  nevertheless,  is  still  intact.* 

We  then  have,  with  reference  to  the  concrete  in  compression,  the 
same  relations  as  those  assumed  in  the  first  part  of  the  writer's  discus- 
sion. That  is  to  say,  we  are  using  the  whole  of  the  compressive  stress 
diagram,  and  while  these  diagrams  vary  much  as  to  the  angle  the 
tangent  makes  at  the  origin,  or  the  initial  modulus  of  elasticity,  yet 
the  general  relation  of  the  total  area  of  this  diagram  to  the  inscribed 
triangle,  and  of  the  original  modulus  to  the  resultant  modulus  for  the 
maximum  stress  and  strain,  will  not  be  greatly  altered.  By  taking 
constants  for  these  relations,  which  of  course  only  apply  to  the  maxi- 
mum values  of  stress  and  strain,  we  obviate  the  necessity  of  intro- 
ducing a  complicating  expression  for  these  relations,  which  would, 
whoever,  hold  good  for  all  points  on  the  curve. 


Fig.  S.  Fig.  9.  Fig.  10. 

Fig.  8  is  a  cross-section  of  a  steel-concrete  beam  of  symmetrical 
strength. 

Fig.  9  is  the  strain  diagram  showing  the  rectilinear  variation  of  the 
strain  across  the  section. 

Fig.  10  is  the  stress  diagram,  showing  the  irregular  variation  in 
stress  resulting  from  the  uniform  variation  in  strain  across  the  section. 

In  addition  to  the  symbols  j^reviously  used, 

Let/f  =  tensile  strength  of  the  concrete,  in  pounds  per  square 
inch ;  P^  =  total  tensile  strength  of  concrete  for  width  b. 

Then,  as  before, 

Pc=lfcfK^h (13) 


and  for  rock  concrete. 


/c  =  ^l 


but 


3    ' 


?/i 


*  This  statement  would  not  be  true  in  extreme  cases.  For  example,  we  can  conceive 
of  a  30-in  concrete  orirder  reinforced  by  a  mere  thread  of  fine  wire.  Here,  the  metal 
would  have  too  little  value  to  produce  the  condition,  observed  by  Considere.  wherein 
the  metal  reinforcement  enables  the  concrete  in  tension  to  submit  without  loss  of 
integrity  to  such  great  elongations.  Probably  the  quantity  of  metal  should  never  fall 
below  an  amount  such  that  P^  would  be  at  least  equal  to  P^.    (See  Fig.  10.) 


and  A,-    ^, 
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F_ 

,  ^  2FE,.yi  2FE,.  ,,,, 

We  also  have  for  the  steel: 

P.  =  ^ (15) 

For  the  concrete  in  tension: 

P,  =  ~^yf,b>h (16) 

Q 

The  empirical  constant,  -— ,  is  obtained  inferentially  from  the  results 

of  M.  Considere.     It  cannot  be  much  in  error. 
Then  for  the  equation  of  the  moments  we  have: 

The  equality  of  forces  on  each  side  of  the  section  gives: 

P,  =--  P,  -f  P, (18) 

5/.  b  y,  _  8  h/,  F  E,.  y.       Fa'  h 

8     ~~       Vof„E,       +^"' ^^^' 

,  1  .  ,  120  F  a- 

from  which    7/^  = ,,   „. 

75f,.d-6iFd(^^) (20) 


or  ^il_  75/,:y,-64i^yi\/,^/    (21) 

d    ~                      120  i^^ 
also  y^  j^  y,^  j^  e  =  f (22) 

The  stress  on  the  concrete  under  the  bar  is  not  considered  in  these 
equations. 

For  a  given  dej^th  of  beam,  Equations  (14)  and  (22)  will  give  at  once 
the  values  of  y,  and  //.„  and  then  the  value  of  — y-  can  be  obtained  from 
(21),  which,  inserted  in  fl7),  will  give  the  moment  of  resistance  for  a 
symmetrical  beam. 

For  the  case  of  a  given  external  bending  moment  we  obtain  from 

(14)    the  relation  y^    and  y.2,    this   relation    being    only    dejiendent 

upon  the  character  of  the  steel  and    concrete  used.     Inserting  this 

value  of  y.,  in  terms  of  y^  in  (17)  we  obtain  an  equation  in  which  the 

known  external   bending  moment  is  equal    to   a  function  of   Vi  and 

a' 

-J.     The  relation  between  these  is  obtained  from  (21),  which  will  at 

once  give  the  value  of  Vi  and  y.,,  and  — ^  for  the  given  moment. 
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Mr.  Johnson,  To  illustrate  the  operation  of  tlie  formulas,  and  at  tlie  same  time 
to  show  how  greatly  the  design  is  dependent  ujjon  the  modulus  of 
elasticity  as  well  as  the  crushing  strength  of  the  concrete,  the  writer 
has  taken  a  problem  with  two  cases  involving  different  values  for 
these  functions. 

Problem. — Required,  a  steel-concrete  girder  beam  of  equal  strengih 
above  and  below  the  neutral  axis,  15  ft.  between  supi3orts,  capable  of 
carrying,  as  an  ultimate  breaking  load,  2  000  lbs.  per  linear  foot. 
Here,  neglecting  the  weight  of  the  beam, 

12  Wl 

31=  — - — =  675  000  inch-pounds. 

o 

For  Case  I,  let  E,  =  30  000  000  lbs.  per  square  inch. 

E,=    4  800  000    "       " 

F=         50  000    "       " 

/,  =  1  500    "       " 

f,  =  200    "       "        " 

h    ■=  6  ins. 

Then  from  (14)  we  have, 

2  X  50  000  X  4.8 

•^^'  =  -3iri-5oTY^o"  ^^1  =  ^-^^ ^'^' 


also,  (17)  becomes, 

,,         ,.      50  000  X  6 a'   /.,  ,^  ,    2,yA 


266  000  a-  y^ 


10 

+  8  300  ?/,-. 


200  X  4.8 


/3.55  vi        2y|  \  _  1  266  00( 
\       2^      +     3    j^  d 

,       75  X  1  50O  y,  -  64  x  50  000  ./^  CfZ^^'L) 

^-^  ^  = 12Ox^50"000^^''^^^  =  '■''''' y^ 

2 
Substituting  this  value  of—  in  the  moment  equation,  we  have, 

34  =  17  625  y;-  =  675  000, 
or  ?/i    =  6.20  ins. 

Then     .V2   =  3.55  i/,  r=  22.0  ins., 
and       /   =  6,2  +  22.0  +  2  =  30.2  ins. 

^'        =  0.00737  b  y,  =  0.274  sq.  in.,   or  slightly  more  than  one, 
rf  .  ' 

|-in.  square  bar. 

"We  thus  have  the  result  that  with  the  assumed  values  of  the  con- 
stants it  will  require  a  beam  6  ins.  wide  by  30  ins.  deep,  with  one  ^-in. 
square  bar  imbedded,  to  carry  2  000  lbs.  per  running  foot  on  a  span  of 
15  ft. ;  which  beam  would  be  equally  likely  to  fail  by  the  crushing  of 
the  concrete  above,  or  by  the  rupture  of  the  concrete  and  metal  below 
the  neutral  axis.* 

*  To  this  beam  the  exception  made  in  the  foot  note  on  p.  133  would  apply,  and,  in 
practice,  more  steel  than  this  would  have  to  be  used.  It  serves  the  purpose  of  the  present 
comparison,  however. 
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For  Case  II,  take  E.  =  2  403  000  lbs.  per  square  inch. 
f]=         2  400    "       " 
and  all  other  values  as  before. 

These  values  are  by  no  means  exceptional,  it  all  depending  uj)on 
the  character  of  the  materials  used. 
For  this  case, 

2  X  50000  X  2.4 
^^'  =  3-^2  400x80   ^'A  =  1-11-'A' 

instead  of,  as  before,  3.55  i/^.     This  gives  at  once  an  idea  of  what  may 
be  expected. 


J/,   =   i¥: 


50  000  X  G  cr  ( ^  ^^         ,2  yA 
1600  X  6  X  l.ll.Vi  /1. 11 /A       2.v.\ 

"•"  10  v    2    +  3  y 

534000r^  o 

= -I —  +  1  303  7/,-. 

/200  X  2.4\ 
c?        75x2  400  y.  —  64  X  50  000  ?/,  \2400  X  30/       ^  ^^^, 

1  = -^^y^omr =  ^-^^^^  ^^ 

Substituting  this  value  in  the  equation  for  the  moment,  we  have: 
J/=15  403^yi^  =  675  000, 
from  which       ;/j  =    6.62  ins. 
'//,  =    7.35  " 
e=    2.00  " 


and  <  =  15.97  "   ,  or  say  16  ins. 

also  ~*  =  6  X  0.0264  X  6.62  =  1.05  sq.  ins. 

This,  then,  gives  us  a  beam  6  ins.  wide  by  16  ins.  deej),  with  one 
1-in.  square  bar  imbedded,  as  the  equivalent  of  the  beam  in  Case  I, 
6  ins.  wide  by  30  ins.  deep,  with  one  ^-in.  square  bar. 

Taking  concrete  at  25  cents  per  cubic  foot  in  place,  and  metal  at 
3  cents  per  pound  in  place,  and  supposing  the  centering  to  be  the 
same  for  each  case,  the  cost  of  the  first  beam  per  linear  foot  would  be 
33.80  cents,  and  of  the  second,  26.86  cents.  There  are  other  condi- 
tions, also,  which  make  the  shallower  beam  preferable. 

The  foregoing  will  serve  to  show  how  important  it  is  to  know  with 
what  materials  we  are  dealing,  and  it  was  for  this  reason  that  the 
writer  in  the  first  part  of  his  discussion  so  strongly  advocated  deter- 
mining the  characteristics  of  the  concrete  for  the  jaarticular  material 
available  on  work  of  any  consequence.  To  know  the  compressive 
strength,  is  not  sufficient;  it  is  just  as  important  to  know  the  modulus 
of  elasticity  in  comj^ression. 

It  is  regretted  that  Mr.  Wason  did  not  give  the  center  loads  caiTied 
by  the  beams  tested  at  the  Massachusetts  Institute  of  Technology,  as 
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Mr.  Johnson,  the  writer  would  have  liked  to  apply  his  formulas  to  them;  though,  as 
the  modulus  of  elasticity  was  not  observed,  it  would  not  have  been  a 
very  good  test.  From  the  fiber  stresses  which  are  given  he  has  en- 
deavored to  argue  back  to  this  load,  through  Mr.  Wason's  premises, 
but  it  would  seem  that  some  error  has  been  made  in  the  calculation  of 
these  stresses,  judging  by  the  case  of  the  |-in.  rod,  where  both  load 
and  fiber  stress  were  given. 

Of  course,  the  assumptions  he  has  made  in  arriving  at  the  fiber 
stresses  are,  as  he  himself  says,  erroneous,  as  are  the  formulas  for  the 
design  of  such  beams.  So,  too,  is  the  calculus  discussion  for  the  loca- 
tion of  the  neutral  axis,  it  being  based  upon  a  uniform  variation  of 
stress  across  the  section,  which,  as  may  be  seen  by  reference  to  Fig.  3, 
is  far  from  the  truth. 

Mr.  Wason,  in  his  work,  in  general,  assumes  the  neutral  axis  to  be 
half  way  between  the  center  of  the  bars  and  the  top  of  the  beam. 
For  the  12-in.  beams  tested  at  the  Institute  this  gave  the  neutral  axis 
for  all  beams,  7  ins.  above  the  bottom.  He  says  that  by  measure- 
ments taken  on  the  beams,  it  was  found  that  the  position  of  the  neutral 
axis  varied  from  4.74  to  10.2  ins.  from  the  bottom,  the  mean  being 
7.06  ins.,  which  he  regards  as  a  good  check  on  the  assumed  location. 
One  might  as  well  say  that  the  average  number  of  inhabitants  per 
square  mile  in  the  United  States  multiplied  by  the  number  of  square 
miles  in  any  given  district,  would  give  the  population  of  that  district. 
It  might,  but  the  chances  would  be  very  much  against  it. 

The  writer  is  disposed  to  regard  the  facts  given  by  Mr.  Wason  as 
of  much  value,  and  hopes  that  he  will  supj^lement  his  discussion  with 
frirther  data  with  respect  to  the  loads  applied  in  the  series  mentioned, 
and  other  results  of  a  similar  nature. 

The  writer's  specialty  is  not  in  the  line  of  arch  bridge  construction; 
although  he  has  worked  up  one  or  two  designs  for  spans  between  80 
and  100  ft.,  which,  however,  were  not  built.  These  designs  were  for 
regular  street  service,  the  arch  being  from  10  to  12  ins.  thick  at  the 
crown,  with  a  rise  of  1  in  8.  Arches  having  a  thickness  of  3  ft.  at  the 
crown,  with  a  span  of  100  ft. ,  such  as  recently  witnessed  by  the  writer, 
would  be  regarded  by  him  as  no  application  whatever  of  the  steel- 
concrete  principle  of  construction,  the  metal  being  practically  thrown 
away. 

Furthermore,  the  temperature  stresses  increase  rapidly  with  the 
crown  thickness,  and  are,  naturally,  severe  where  the  latter  is  three 
times  as  much  as  it  need  be. 
Mr.  Parker.  WiLLiAM  Pakker,  M.  Am.  Soc.  C.  E. — The  questioli  of  fire-iJroof 
construction  has  only  been  lightly  touched  upon  in  these  discussions. 
It  would  seem  that,  as  concrete  is  used  so  largely  in  flre-^jroof  con- 
struction, more  consideration  should  be  given  to  the  subject  of  the 
efi'ect  of  fire  on  concrete,  which,  in  the  various  fire-^Droofing  systems, 
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is  depended  upon  for  strength,  either  when  acting  alone  or  in  con-  Mr.  Parker, 
junction  with  metal.  The  metal  which  is  dejjended  upon  for  strength 
should  be  placed  far  enough  from  the  surfaces  exposed  to  heat,  to 
insure  the  maintenance  of  a  tem^ierature  which  is  not  injurious  to  the 
strength  of  the  metal  and  which  will  not  cause  undue  expansion. 
In  the  speaker's  opinion,  in  some  cases,  this  has  not  been  done. 
Just  how  far  from  the  surface  exposed  to  heat  concrete  will  be  seri- 
ously affected,  and  just  what  kind  of  concrete  is  best  adapted  for  use  on 
the  surface,  are  the  questions  to  be  decided  by  the  engineer  or  architect 
for  the  different  conditions  in  his  structure.  So  far  as  the  speaker  can 
learn,  there  have  been  but  few  carefully -made  investigations  to  assist 
in  deciding  such  questions,  but  it  is  his  belief  that  concrete  proj^erly 
made,  of  either  stone  or  cinders,  and  unprotected  by  plaster  or  other- 
wise, will  not  be  destroyed  by  fire  and  water,  such  as  it  would  be  sub- 
jected to  in  a  warehouse,  more  than  li  ins.  from  the  exposed  surface, 
and  this  only  when  there  is  the  concentration  of  a  powerful  fire- 
stream;  and  that  after  a  depth  of  2  ins.  is  reached  there  is  no  serious 
injury. 

Cinder  concrete  is,  no  doubt,  one  of  the  best  of  non-conductors  of 
lieat,  and,  as  it  resists  fire  and  water  very  successfully,  it  should  be 
used  whenever  jiracticable. 

These  conclusions  are  from  exijeriments  on  a  small  scale  made  by 
the  speaker,  and  from  observations  of  a  few  experiments  on  a  large 
scale,  as  well  as  by  reading  what  little  he  could  find  in  print. 

The  thickness  of  concrete  required  for  the  protection  of  columns 
and  long  girders,  particularly  to  prevent  undue  exj)ansion,  should  be 
determined  carefully  by  experiments,  the  temperature  of  both  fire  and 
beams  or  columns  being  recorded.  The  speaker  can  find  scarcely  a 
single  record  giving  these  data  in  a  satisfactory  manner. 

The  question  of  repairs  should  be  borne  in  mind  when  designing. 
From  experiments  made  by  the  speaker  it  seems  practicable  to  replace 
a  protecting  layer  of  cinder  concrete  on  a  ceiling  when  it  has  become 
injured  by  fire  and  water.  This  question  of  repairs  is  one  of  special 
interest  when  considering  the  matter  of  insurance. 

"William  B.  Fuller,  M.  Am.  Soc.  C.  E.  (by  letter). — The  use  of  Mr.  Fuller 
combinations  of  steel  and  concrete  in  various  forms  of  engineering  con- 
struction is  meeting  with  increased  favor  as  engineers  become  better 
acquainted  with  its  possibilities;  but  this  form  of  construction,  or  the 
use  of  any  formulas  i elating  thereto,  should  not  be  attempted  with- 
out adequate  exjjerience. 

It  is,  perhaps,  very  fortunate  that  the  development  of  this  industry 
has  fallen  into  the  hands  of  comjianies  controlling  so-called  patent 
rights  for  the  use  of  the  various  combinations,  as  these  companies 
have  learned  by  costly  experience  that  there  is  concrete  of  all  grades, 
and  that  it  requires  a  high  order  of  skill  to  produce  good  concrete, 
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Mr.  Fuller,  sucli  as  will  enable  them  to  guarantee  safe  work.  The  results  attained 
by  stich  skilled  mechanics  are  far  ahead  of  average  work,  and  very  large 
allowances  should  be  made  if  such  work  is  to  be  done  by  others  than 
skilled  workmen  under  skilled  supervision. 

The  secret  of  success  with  steel-concrete  construction  is  skill  in  the 
selection  and  jjutting  together  of  the  materials  to  form  a  monolithic 
mass,  and,  until  the  methods  of  manufacttiring  concrete  become  more 
systematic  and  the  results  more  uniform,  each  worker  in  this  field 
must  depend  in  a  large  measure  on  his  own  experience  as  to  the  qual- 
ity and  strength  of  the  work  his  method  will  produce. 

It  is  particularly  unfortunate  that  all  engineers  of  the  older  school 
have  taught  that  concrete  must  be  placed  dry,  or,  at  least,  so  as  to 
just  quake  under  heavy  ramming,  and  that  the  stone  used  should 
be  of  a  uniform  screened  size,  as  success  in  steel-concrete  work  re- 
quires a  radical  departure  from  such  teachings,  and  the  use  of  light 
rammers,  the  placing  of  mushy  concrete,  and  the  use  of  a  uniformly- 
graded  aggregate. 
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Wallace,  Edward  A.  Bond,  J.  P.  A.  Maignen  and  Samuel  Whinehy. 


Samuel  Whinery,  M.  Am.  Soc.  C.  E.  (by  letter).— Taking  up  these  Mr.  Whinery. 
questions  in  the  order  stated,  the  first  relates  to  the  interests  of  the 
members  of  the  profession  to  themselves  and  to  each  other. 

The  facts  about  the  present  situation  are  undisputed.  Any  man 
who  chooses  may  assume  to  practice  civil  engineering.  Without 
either  sjjecial  education  or  previous  experience  he  may  "hang  out  his 
shingle,"  advertise  himself  as  a  civil  engineer,  obtain  clients,  and 
collect  fees  for  alleged  professional  services. 
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Mr.  Whinery.  That  this  condition  of  afifairs  is  anomalous  need  not  be  argued. 
Neither  in  any  other  profession  nor  even  in  the  well-established 
trades  are  similar  conditions  tolerated. 

The  preacher  must  be  duly  ordained  by  the  proper  authorities  of 
the  church  to  which  he  belongs  before  he  is  allowed  to  occupy  a 
pulpit  or  pose  before  the  world  as  a  minister  of  the  gospel. 

The  man  who  aspires  to  practice  medicine  must  pass  his  examina- 
tion and  be  regularly  authorized  before  he  can  receive  or  treat 
patients. 

No  man  is  allowed  to  practice  law  before  the  courts  until  he  has 
been  admitted  to  the  bar  in  the  prescribed  manner. 

No  one  can  teach  in  the  public  schools  without  a  certificate  of  his 
or  her  fitness  for  such  work,  issued  only  after  due  examination.  In 
many  of  the  States  no  one  can  sell  drugs  without  a  license,  based  on 
his  possession  of  the  necessary  qualifications  for  his  duties.  In  the 
trades,  while,  as  a  rule,  proper  qualifications  are  not  required  by  law, 
the  members  of  each  trade  have  attempted,  and  usually  with  success, 
to  shut  out  the  unqualified,  through  the  agency  of  Trade  Unions  and 
other  similar  organizations.  In  this  country,  the  great  profession  of 
engineering,  in  its  several  branches,  is  almost  alone  in  being  oi^en  to 
the  pretender  and  the  quack. 

Do  the  interests  of  the  profession  of  civil  engineering  require 
a  change  in  this  resjDect?  The  question  may  be  viewed  in  two  prin- 
cipal aspects.  The  first  and  least  worthy  may  be  called,  to  put  it  in 
its  most  sordid  light,  the  selfish  aspect.  It  is  based  on  the  right  of 
self-preservation.  In  these  days,  to  be  a  competent  civil  engineer 
implies  a  large  amount  of  special  education  and  training.  Whether 
the  education  is  acquired  within  or  without  the  technical  schools, 
does  not  matter.  However  acquired,  it  must  be  supplemented  by 
training  and  skill,  which  can  only  be  obtained  through  actual  experi- 
ence. Both  the  education  and  the  experience  cost  money.  They 
rejiresent  a  large  part  of  the  capital  invested  in  the  business.  It  may 
fairly  be  claimed  that  this  capital  is  equitably  entitled  to  the  same 
protection  as  is  that  invested  in  other  lines  of  business.  On  mere 
commercial  grounds  alone,  the  man  who  invests  money  in  any  lawful 
business  may  reasonably  expect  and  demand  the  protection  of  the  law 
in  all  proi^er  ways.  The  particular  quality  of  the  protection  afforded 
will  vary  with  the  nature  of  the  business.  The  merchant  not  only 
exj^ects  and  receives  protection  from  the  thief  and  the  burglar,  but  he 
is  likewise  entitled  to  protection  from  the  nefarious  comijetitor  who 
sells  goods  under  false  names,  or  misrepresentations,  or  who  appro- 
priates his  trade- marks. 

May  not  the  civil  engineer  who  invests  money  or  its  equivalent  in 
his  professional  business  demand  equal  protection  from  the  unfair 
competition  of  the  quack  who  marks  the  goods  he  off'ers  with  counter- 
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feit  labels,  and  thereby  is  enabled  to  steal  a  part  of  the  business  that  Mr.  \Mimery. 
rightfiillv  belongs  to  the  bona  fide  engineer?  Even  if  it  be  admitted 
that  the  quack  has  the  right  to  dispose  of  his  goods,  such  as  they  are, 
he  has  no  right  to  palm  them  off  on  the  public  under  false  trade- 
marks. The  qualified  members  of  the  i^rofession  have  the  right  to 
demand  that  his  wares  shall  be  sold  for  what  they  really  are.  With- 
out any  intention  or  desire  to  restrain  fair  and  legitimate  competition, 
may  not  engineers  ask  that  competition  shall  be  confined  between 
lines  which  mark  the  limits  of  common  honesty? 

The  other  aspect  of  the  question  is  more  attractive  because  it  rests 
on  higher  grounds  than  mere  self-jjrotection  or  commercial  necessity. 
Its  basis  is  love  for  and  loyalty  to  the  profession.  This  is  not  the 
place  or  the  time  to  enlarge  on  the  usefulness  and  the  dignity  of  that 
profession.  Every  true  and  worthy  member  of  it  holds  it  in  the 
highest  honor  and  is  properly  jealous  of  its  good  name.  It  is  a  name 
under  which  may  be  marshalled  most  of  the  world's  greatest  bene- 
factors in  the  material  iH-ogress  of  the  human  race.  We  are  unwilling 
that  its  honor  shall  be  tarnished  or  its  usefulness  limited  by  the 
actions  of  those  who  have  no  right  to  be  numbered  in  its  ranks, 
though  they  may  assume  its  name.  That  the  profession  is  being  dis- 
honored and  its  good  name  discredited  by  the  actions  of  self-styled 
civil  engineers,  who  have  neither  the  necessary  qualifications  to 
practice  it  nor  the  common  honesty  to  admit  their  incompetence,  is  a 
fact  that  every  civil  engineer  knows  so  well  that  it  is  quite  unneces- 
sary to  go  into  particulars.  Doubtless  every  member  of  this  Society 
could  supply  abundant  facts  and  details  from  his  own  observation 
and  experience  to  illustrate  and  enforce  the  truth  of  the  statement. 
No  one  will  assert  that  it  is  not  the  duty  of  every  worthy  and  loyal 
member  of  the  profession  to  protect  its  good  name  from  this  source 
of  danger  and  dishonor.  There  should  be,  therefore,  no  dissent  from 
the  answer  that  the  interests  of  the  profession  do  demand  that  some 
effective  method  be  adopted  to  prevent  the  incompetent  from  assuming 
to  practice  civil  engineering. 

To  the  second  division  of  the  question,  relating  to  our  duty  to  the 
public,  the  answer  should  be  equally  clear.  The  admitted  facts  are: 
That  at  present  the  public  has  no  ready  means  of  determining  whether 
a  man  who  looses  as  a  civil  engineer  is  competent  or  incompetent,  and 
that,  in  the  absence  of  such  knowledge,  it  is  often  imposed  upon  by 
the  charlatan. 

Civil  engineering,  while  it  has  been  practiced  throughout  all  ages, 
under  other  names,  has  been,  until  quite  recently,  without  j^rofes- 
sional  organization,  and  without  well-defined  limitations.  The  public, 
or  a  large  j^art  of  it,  has  not  been  educated  to  ajipreciate  either  the 
natural  or  acquired  qualifications  necessary  to  constitute  a  competent 
civil  engineer,  or  to  discriminate  between  the  real  and  the  pretended. 


132  DISCUSSION    ON    ENGINEERING    PROFESSION. 

Mr.  Whinery.  To  it  a  civil  engineer  is  simjaly  a  civil  engineer  very  mucli  as  a  plow  is 
a  plow;  and,  while  it  recognizes  that  some  plows  are  better  for  special 
purposes  than  others,  a  field  may  be  plowed  well  enough  by  almost 
any  plow  that  can  be  picked  up.  The  difference  between  good  and 
bad  engineering  is  not  always  obvious  to  those  who  themselves  have 
not  the  qualifications  to  judge.  The  competent  members  of  the  pro- 
fession are  alone  able,  as  a  rule,  to  see  and  point  out  the  blunders  and 
the  lack  of  professional  good  judgment  of  the  pretender.  That  vast 
sums  of  money  are  squandered,  promising  enterprises  wrecked,  and 
reasonable  expectations  blasted  every  year  through  the  operations  of 
ignorant  and  incompetent  civil  engineers,  are  facts  too  well  known  to 
need  proof  or  illustration.  That  we  owe  a  duty  to  the  public  in  this 
matter  must  be  so  obvious  to  every  right-minded  man  in  the  profes- 
sion as  to  require  no  argument.  As  well  might  it  be  contended  that  the 
physician  owes  no  duty  to  the  public  when  he  sees  a  j^lague  existing, 
or  impending,  which  his  jorofessional  knowledge  and  experience 
teaches  him  how  to  stop  or  prevent.  From  the  standjjoint  of  good 
citizenship  alone,  we  have  no  right  to  stand  silently  by  while  our 
fellow-citizens  are  defrauded,  or  when  their  lives  and  projDerty  are 
threatened. 

We  now  come  to  the  second  branch  of  the  topic: 

"  Under  what  authority,  through  what  agency,  and  upon  what  evi- 
dence of  competency,  should  applicants  be  admitted  to  the  practice  of 
Civil  Engineering?" 

Here  we  arrive  at  the  first  ground,  in  the  discussion  of  the  topic, 
where  there  may  properly  be  difference  of  opinion.  Previous  discus- 
sion has  disclosed  that  the  membtsrs  of  the  profession  are  not  at  all 
agreed  upon  the  best  remedy  for  the  admitted  evils  that  exist. 

It  would  be  interesting  to  review  what  has  been  done. or  attempted 
to  be  done  in  this  direction  in  other  countries,  though  it  is  doubtful 
if  the  facts  would  be  of  very  much  value  to  ixs.  The  conditions 
abroad  are,  in  many  respects,  so  different  from  those  existing  in 
the  United  vStates,  that  it  seems  quite  doubtful  if  the  experience 
in  other  countries  can  be  of  much  assistance  to  us.  This  is  not  said, 
however,  to  discourage  the  presentation,  during  the  discussion,  of 
interesting  facts  along  this  line. 

The  important  requisites,  in  any  scheme  adopted  for  the  regulation 
of  the  practice  of  civil  engineering,  are:  That  it  should  be  simple, 
capable  of  efficient  enforcement,  and  as  free  from  the  possibility  of 
individual  injustice  as  it  can  be  made.  In  this  last  respect,  it  would  be 
better  to  err  in  the  direction  of  liberality  than  in  that  of  unnecessary 
restriction.  From  the  nature  of  our  government,  it  is  imi)ossible  to 
secure  national  action  in  the  matter,  and  the  several  State  legislatures 
alone  must  be  looked  to  for  the  necessary  legislation;  and  it  must  be 
recognized  that  nothing  short  of  State  legislative  enactment  will  meet 
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tlie  reqiiirements  of  the  case.     It  is  vei-y  desirable  that  such  enact-  : 
ments  in  the  several  States  should  be  as  nearly  uniform  as  possible. 

With  these  conditions  in  mind,  the  writer  would  suggest  that  the 
efforts  of  the  profession  be  directed  toward  securing,  in  every  State  of 
the  United  States,  the  adoption  of  suitable  acts  regulating  the  practice 
of  civil  engineering.  It  is  hardly  necessary  to  say  that  the  proper 
framing  of  such  acts  will  be  a  matter  of  great  importance,  and  the 
best  talent  of  the  profession,  aided  by  good  legal  counsel,  should  have 
a  controlling  voice  in  their  preparation. 

The  following  outlines  briefly  the  requirements  which,  in  the 
writer's  opinion,  should  be  embraced  in  such  a  legislative  act: 

First. — It  will  be  necessary  to  define  accurately  the  meaning  of  the 
term  "Civil  Engineer  "  and  to  difl'ereutiate  broadly  and  yet  carefully 
the  occupations  which  come  under  the  head  of  practicing  the  profes- 
sion. This  will  be  by  no  means  an  easy  task,  as  every  one  will  recog- 
nize. 

Second. — A  State  Board  of  Examiners  should  be  created,  whose 
duties  will  be  to  examine  applicants  for  hcenses  to  jjractice  civil  engi- 
neering within  the  limits  of  the  State.  This  board  may  consist  of  five 
members,  chosen  from  among  men  of  recognized  standing  m  the  pro- 
fession, three  members  constituting  a  quorum.  They  should  be 
appointed  by  the  Supreme  Court  of  the  State,  in  order  to  avoid,  as  far 
as  possible,  any  political  influence  in  the  appointments.  The  membeis 
of  the  board  should  receive  a  reasonable  annual  salary,  and  their 
traveling  and  other  necessary  exi^enses  should  be  paid  out  of  the  gen- 
eral funds  of  the  State.  Their  term  of  ofiice  should  be  for  a  consider- 
able number  of  years,  say  five,  and  the  term  of  one  member  should 
expire  each  year.  The  board  should  meet  at  stated  times  and  places, 
after  due  notice,  to  examine  and  license  applicants. 

Third. — The  licenses  issued  by  the  board  should  be  of  three  classes. 
Third-class  licenses  might  embrace  graduates  from  the  civil  engineering 
course  of  technical  colleges  of  good  standing,  who  have  had  little  or 
no  actual  practice,  and  those  applicants  who  have  not  graduated  from 
such  colleges,  but  who  are  found,  upon  examination,  to  be  competent 
to  survey  lands,  build  common  roads,  inspect  work  in  progress — in 
short,  those  who  are  just  beginning  the  practice  of  the  profession,  and 
those  whose  ability  and  attainments  justify  practice  in  only  the  more 
simple  work  of  the  profession. 

Licenses  of  the  first  class  should  be  issued  only  to  those  members 
of  the  profession,  who,  by  marked  ability  or  long  experience  in  any 
branch  of  civil  engineering,  have  attained  a  good  degree  of  eminence 
in  the  profession.  Licenses  of  the  second  class  should  be  issued  to 
those  intermediate  between  the  third  and  first  classes,  as  the  law  may 
designate,  and  as  the  examining  board  may  determine.  Licenses 
might  be  advanced  from  a  lower  to  a  higher  class  after  due  examination. 
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Mr.  ■Whinery.  This  division  of  licenses  into  three  classes,  would  be  solely  for  the 
information  of  the  public  in  assisting  it  to  judge  of  the  probable 
fitness  of  the  licensees  for  contemiDlated  services,  a  license  of  either 
class  permitting  the  licensee  to  practice  the  profession  without  limita- 
tion. 

The  board  should  be  authorized  to  accept  the  possession  of  a 
diploma  from  an  engineering  college  of  recognized  good  standing  as 
satisfactory  evidence  of  the  technical  qualification  of  applicants  for 
third-class  licenses,  and  to  license  at  their  discretion,  without  exami- 
nation, applicants  for  first  and  second-class  licenses,  such  engineers, 
of  good  character  and  standing  in  the  profession,  as  may  have  been  in 
the  regular  practice  of  the  profession  for  not  less  than  fifteen  years 
before  the  passage  of  the  act. 

Licenses  issued  should  be  good  until  revoked  by  the  board,  but 
should  expire  on  the  permanent  removal  of  the  licensee  from  the  State. 

Fourth. — No  person  should  be  permitted  to  practice  civil  engineer- 
ing in  the  State  without  a  license  duly  issued  by  the  board,  and 
methods  of  procedure  against  violators  of  the  law  should  be  pre- 
scribed, and  appropriate  penalties  provided;  but  persons  duly 
licensed  to  practice  in  another  State,  under  similar  laws,  should  be 
exempted  from  securing  an  additional  license  under  this  act,  upon 
filing  a  certified  copy  of  such  original  license  with  the  board.  The 
law  should  not  apply  to  members  of  the  Engineer  Corps  of  the  U.  S. 
Army,  or  to  civil  engineers  of  the  U.  S.  Navy,  when  engaged  in  gov- 
ernmental work,  but  those  engineers  should  not  be  allowed  to  engage 
in  i^rivate  practice  without  a  license. 

Fifth. — The  board  should  be  authorized  to  revoke  any  license  for 
good  cause,  such  as  immoral  or  unprofessional  conduct;  or  to  substi- 
tute for  a  license  of  a  higher  class  one  of  a  lower  class,  for  good  cause 
shown. 

Other  requirements  and  details  will  be  necessary  and  ajjpropriate, 
but  time  does  not  allow  the  writer  to  mention  them. 

It  has  been  suggested  that  membership  in  the  American  Society  of 
Civil  Engineers,  or  in  other  civil  engineering  societies  of  good  standing, 
should  qualify  an  engineer  to  practice;  and  it  has  also  been  suggested 
that  the  Society  should  have  a  voice  in  the  examination  and  licensing 
of  engineers.  The  writer  would  strongly  oppose  anything  of  this 
character,  believing  that  such  functions  do  not  come  within  the 
l^rovince  of  the  Society,  and  that  it  should  scrupulously  avoid  any 
entanglement  with  matters  of  this  character.  The  various  societies, 
might,  however,  very  properly  jjarticipate  in  the  adoption  or  inaiigu- 
ration  of  this  or  any  other  measure  intended  for  the  good  of  the  pro- 
fession, and  for  the  benefit  of  the  i^ublic. 

In  conclusion,  the  writer  believes  that  the  subject  matter  of  this 
toj)ic  is  of  such  great  and  far-reaching  importance  to  the  profession 
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that  it  justifies  the  appointment  of  a  committee  of  the  Society  to  con-  Mr.  Whinery. 
sider  the  matter  carefully  in  all  its  bearings,  and  report  its  conclusions 
to  a  future  meeting. 

Foster  Ckowell,  M.  Am.  Soc.  C.  E.— The  speaker  believes  that  all  Mr.  Crowell. 
will  agree  as  to  the  desirability  of  regulating  engineering  j^ractice;  but, 
in  regard  to  the  method,  he  would  not  be  inclined  to  favor  the  idea  of 
licensing  by  difierent  States.  It  should  be  recollected  that  the  func- 
tion of  an  engineer  partakes  more  of  a  National  than  of  a  State  char- 
acter. In  matters  apart  from  engineering,  the  disadvantage  of  having 
different  State  requirements  is  ajjparent.  As  an  illustration,  it  is 
known  that  this  country  is  troubled  by  its  diversity  of  laws  in  different 
States  applying  to  the  same  conditions,  exactly,  of  the  citizen.  Mar- 
riage and  divorce  laws  and  the  medical  laws  are  cases  in  j^oint.  In 
some  States,  a  medical  practitioner  can  obtain  a  full  certificate  on  a 
very  slender  stock  of  preparation  and  ability,  while  in  other  States  he 
Ccinnot  obtain  it  at  all.  If  anything  is  to  be  done  toward  obtaining 
legislation,  it  should  be  of  a  National  and  not  of  a  State  character; 
and  the  requirements  sketched  by  Mr.  Whinery  should  be  so  broad 
and  general  that  they  could  apply  equally  well  to  an  engineer  who 
went  out  to  jiractice  in  the  most  important  work  in  a  new  territory  or 
a  newly  formed  state  as  to  one  practicing  at  the  center  of  civilization. 
The  sjjeaker  is  not  inclined  to  believe,  however,  that  much  can  be 
accomplished  in  that  direction  at  the  present  jjeriod;  and  doubts  very 
much  whether  the  time  is  ripe  to  accomplish  much  through  legisla- 
tion. While  this  Society  should  not  be  the  agent,  yet  the  influence 
which  the  Society  exerts,  which  is  becoming  greater  from  year  to  year, 
in  stamping  its  members  with  its  approval,  will  be  the  probable  direc- 
tion that  the  licensing  of  engineers  will  take.  Not  that  a  membership 
iu  this  body  is  a  license,  by  any  means,  because  our  Constitution 
requires  that  a  man  shall  have  practiced  a  number  of  years  and  become 
an  engineer  before  he  can  become  a  member,  nevertheless,  the  fact 
that  the  public  appreciates  that  this  Society  has  among  its  members 
only  those  whom  it  deems  fit  will  perhaps  be  a  solution  of  the  ques- 
tion, and  in  the  coming  years  render  whatever  legislation  is  necessary 
more  easy. 

Frank  C.  Osborn.  M.  Am.  Soc.  C.  E.  (by  letter).— To  the  first  Mr.  Osborn. 
question  the  writer  would  answer,  unqualifiedly,  "yes."  It  would 
seem  as  though  the  engineering  profession  is  as  much  entitled  to 
protection  as  the  professions  of  medicine  and  law.  The  responsibility 
of  an  engineer  is  certainly  as  great  as  in  any  of  the  other  professions, 
and  the  standing  of  the  profession  would  be  improved  by  legislation 
similar  to  that  at  present  in  existence  for  physicians  and  lawyers. 

Not  only  the  interests  of  the  profession  and  the  duty  of  its  mem- 
bers to  the  public  require  this  legislation,  but  the  interests  of  the 
public  itself  demand  the  protection  involved  in  such  legislation. 
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Mr.  Osborn.  The  second  question  is  a  mucli  more  difficult  one  to  answer,  and  is 
one  that  should  be  thoroughly  investigated  before  an  attempt  is  made 
to  answer  it.  The  writer  would  suggest  that  a  committee  from  the 
Society  be  appointed  to  investigate  what  has  been  done  in  other  coun- 
tries, and  what  is  being  done  now.  After  this  committee  has  thor- 
oughly studied  the  question  from  every  standpoint,  they  could  then 
suggest  to  the  Society  what  action  should  be  taken.  The  matter  is  an 
extremely  important  one,  and  what  is  done  should  be  done  carefully 
and  after  mature  consideration. 
Mr.  Brincker-  H.  W.  Bkinckerhoff,  M.  Am.  Soc.  C.  E. — To  the  question  "Do 
the  interests  of  the  profession,  and  the  duty  of  its  members  to  the 
public,  require  that  only  those  who  are  competent  be  allowed  to 
practice  as  Civil  Engineers?"  there  can  be  but  one  answer.  It  is 
obviously  to  the  interest  of  both  the  profession  and  the  public  that 
incompetent  persons  should  not  be  allowed  to  practice  as  civil  engi- 
neers. The  real  question  is,  "  How  are  you  going  to  exclude  them, 
and  them  only?  "  and  the  latter  part  of  the  question  is  much  the  more 
difficult  to  answer. 

There  are  two  ways  of  excluding  the  incompetent:  One  is  to 
forbid  him  to  practice,  and  the  other  is  to  designate  the  competent 
men,  or  as  many  of  them  as  wish  to  be  so  designated,  and  then  let  the 
public  take  its  choice.  This  latter  method  may  not,  at  first,  appear 
to  be  so  effective,  but  it  affords  the  public  a  reasonable  measure  of 
protection  while  it  largely  avoids  the  danger  of  unjustly  debarring  any- 
one from  securing  work  that  he  may  be  competent  to  perform.  It 
must  be  remembered  that  it  is  much  more  difficult  to  determine  in  a 
general  way  the  comijetence  of  a  civil  engineer  than  that  of  a  member 
of  any  of  the  so-called  learned  professions.  This  is  due  not  only  to 
the  vast  field  covered  by  civil  engineering,  which  includes  all  branches 
except  military  engineering,  but  also  to  the  many  subdivisions  of  each 
branch,  from  designing  to  constructing,  and  even  to  operating;  from 
the  purely  theoretical  to  the  extremely  practical ;  so  that  the  engineer 
may  be  a  scientist  or  a  business  man  with  large  executive  functions, 
and  has  sometimes  to  be  a  good  deal  of  each.  Then,  too,  as  in  most 
engineering  work,  a  more  or  less  extensive  organization  is  required  to 
carry  it  on;  there  must  be  some  qualified  to  direct  and  plan  and  others 
who  can  only  work  under  direction,  and  who,  although  in  subordinate 
positions,  may  be  very  competent  men. 

It  is  obvious  from  this  that  it  will  be  extremely  difficult  to  define 
exactly  the  sphere  within  which  any  civil  engineer  may  be  competent, 
and  outside  of  which  he  would  be  incompetent,  and  to  do  this  in  such 
manner  as,  on  the  one  hand,  to  avoid  injustice  to  the  engineer  by  too 
nai'row  limitation,  and,  on  the  other  hand,  to  avoid  misleading  the 
public  by  giving  the  engineer  too  great  latitude. 

Fortunately,  as  engineering  is  an  exact  science,  it  is  comparatively 
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easy  to  judge  of  an  engineer's  competence  by  what  lie  lias  already  Mr.  Brincker- 
done.  But,  wbile  we  may  know  pretty  well  what  he  can  do,  we 
cannot  pronounce  with  the  same  certainty  as  to  what  he  cannot  do, 
and  are  therefore  more  likely  to  err  in  attempting  to  define  too  closely 
the  limits  of  his  competence.  This  being  the  case,  it  would  seem 
wiser,  if  any  legislative  conti'ol  is  to  be  attempted,  for  the  State  to 
content  itself  with  certifying  to  the  competence  of  the  engineer  within 
certain  limits,  without  attempting  to  confine  his  practice  within  those 
limits.  Then,  if  anyone  wishes  to  employ  a  civil  engineer  for  a  par- 
ticular work,  he  can  easily  find  one  who  is  competent  for  it,  while  if 
he  wishes  to  take  the  risk  of  employing  one  who  is  not  certified  he  is 
not  debarred  from  doing  so.  To  carry  this  plan  out  practically, 
probably  the  better  way  would  be  for  the  State  merely  to  require  that 
only  those  who  hold  its  certificates  of  competency  shall  be  employed 
on  public  works  of  any  kind,  or  be  permitted  to  prej^are  plans  which 
rec[uire  official  approval.  This  would  require  only  a  slight  extension 
of  the  present  civil  service  machinery,  and  would  tend  to  improve  the 
engineering  service  of  the  State  and  municipalities,  while  it  would 
afford  an  additional  inducement  for  competent  engineers  to  apply  for 
certificates,  which  is  important  if  the  system  is  to  command  public 
confidence.  Of  course,  certificates  would  be  of  various  grades,  and 
each  would  be  limited  to  a  special  branch,  though  one  engineer  could 
hold  certificates  in  more  than  one  branch,  and  there  should  be  pro- 
vision for  frequent  change  of  grade,  especially  in  the  lower  grades. 

As  the  legislation  outlined  herein  is  not  prohibitory,  any  difference 
in  the  requirements  of  the  dilferent  States  would  work  no  hardship  or 
inconvenience,  provided  citizenship  or  actual  residence  was  not  made 
a  condition  of  granting  a  certificate  of  competence.  There  would 
doubtless,  at  first,  be  much  diversity  in  the  requirements  of  the  differ- 
ent States,  but  this,  by  trying  so  many  different  experiments  simul- 
taneously, would  hasten  the  final  solution,  and  the  experiment  could 
commence  in  one  State  without  waiting  for  the  consent  of  all.  As  no 
restrictions  are  imposed,  the  National  government  could  also  work 
along  the  same  lines,  while,  if  prohibitory  legislation  were  required, 
it  would  seem  to  be  beyond  the  power  of  the  National  government  to 
enforce  it  in  such  a  matter.  Certainly,  it  has  never  attempted  anything 
of  the  kind,  and,  fortunately,  in  the  plan  proposed  it  is  not  necessary. 

It  would  seem  to  be  entirely  within  the  province  of  the  American 
Society  of  Civil  Engineers  to  recommend  to  the  State  and  National  gov- 
ernments such  legislation  as  may  be  needed  to  carry  these  suggestions 
into  effect,  and  they  would  certainly  tend  to  "the  advancement  of 
engineering  jiractice  and  the  maintenance  of  a  high  professional  stand- 
ard," which  are  among  the  chief  objects  for  which  the  Society  exists. 

Frank  A.  Hinds,  M.  Am.  Soc.  C.  E. — That  there  should  be  some  Mr.  Hinds, 
sort  of  recognition,  an  examination  and  a  certificate  from  a  qualified 
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Mr.  Hinds,  source,  giving  evidence,  as  far  as  possible,  of  a  man's  suitableness  for 
the  practice  of  civil  engineering,  seems  to  the  speaker  to  be  a  desirable 
arrangernent. 

At  present,  we  have  only  the  degree  granted  by  the  engineering 
colleges,  and  usually  at  the  end  of  the  course  of  study. 

A  college  education  should  have  its  due  weight,  but  experience, 
ability  and  achievement  should  be  the  ruling  motives.  Many  men 
have  grown  into  the  jirofession  without  college  opportunities,  and 
some  of  them  are  found  among  our  best  engineers. 

If  there  could  be  an  engineering  rating  for  all  men,  based  upon 
some  similar  or  possibly  better  method  than  that  now  adopted  in  the 
admission  of  members  to  this  Society,  it  would  give  an  added  dignity 
and  attraction  to  the  most  noble  profession  of  the  age,  and  be  an 
inspiration  to  young  men  to  climb  higher. 

It  would  hardly  do  to  have  this  controlled  by  each  State  govern- 
ment; nothing  less  sweeping  than  the  general  government  of  the 
United  States  could  do  it  properly.  If  controlled  by  each  of  the 
States,  there  would  be  the  same  difficulty  now  encountered  with 
regard  to  corporations,  each  State  Avould  have  to  recognize  the 
diplomas  of  the  other  States,  some  one  State  would  establish  a  low 
standard  and  pass  candidates  easily,  and,  as  a  consequence,  would  do 
a  rushing  business;  but  it  would  lower  the  standard,  and,  therefore, 
it  should  be  national. 

It  would  seem  that  the  American  Society  of  Civil  Engineers  has  the 
ability,  and  is  a  very  proj^er  source  from  which  such  a  plan  might 
emanate. 
Mr.  Hutton.  WiLLiAM  K.  HuTTON,  M.  Am.  Soc.  C.  E. — If  the  public  is  to  be 
fully  protected,  as  has  been  suggested,  it  will  be  necessary  to  have 
periodical  examinations  to  define  the  grade  of  work  for  which  each 
engineer  may  be  competent. 

The  speaker  sees  nothing  to  be  gained  by  the  jjassage  of  this  reso- 
lution. We  must  define  what  constitutes  an  engineer.  If  the  Tred- 
gold  rule  is  applied,  certain  members  of  this  Society,  who  are  highly 
scieatific  men,  will  be  excluded,  as  well  as  others  who  cannot  be  thus 
classed.  Civil  service  examinations  are  a  protection  in  the  matter  of 
public  works.  Promoters  of  private  works  rarely  neglect  to  ascer- 
tain the  qualifications  of  an  engineer  before  engaging  him.  A  certifi- 
cate or  license  to  practice  would  not  be  accepted  without  investigation 
as  to  competency. 
Mr.  Wallace.  J.  F.  Wallace,  Past-President,  Am.  Soc.  C.  E. — The  proposition 
seems  impracticable.  The  inability  to  get  uniform  regulations  in  the 
different  States,  and,  above  all,  the  difference  in  the  degree  of  our  pro- 
fessional qualifications  and  in  the  requirements,  make  it  so.  The  law 
and  the  principles  of  law  are  well  understood.  Lawyers  can  be 
licensed;  ministers  of  the  gospel  can  be  licensed  by  their  denomina- 
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tions,  because  all  that  is  required  is  that  they  will  siibscribe  to  certain  Mr.  Wallace, 
tenets  and  have  a  general  education.  Men  in  the  trades  can  be 
licensed.  Bat  as  to  engineers,  the  qualities  that  underlie  the  suc- 
cessful engineer,  and  the  character  of  his  work  are  so  varied,  and  our 
profession  demands  such  a  variety  of  talent,  that  the  speaker  does  not 
see  that  it  is  practicable  to  accomplish  oiir  object  by  such  a  license. 
If  it  is  desired  to  engage  a  civil  engineer  for  a  particialar  piece  of 
work,  it  would  not  be  enough  to  employ  one  who  simply  had  a  license 
to  follow  the  profession  of  engineering.  It  would  be  necessary  to 
know  the  characteristics  of  the  man,  and  whether  he  was  adapted  for 
the  particular  work  in  hand.  It  does  not  seem  that  the  man,  or  the 
corporation,  requiring  particular  qualifications  for  a  particular  jolace, 
would  be  assisted  by  a  license  system. 

Edwakd  a.  Bond,  M.  Am.  Soc.  C.  E. — Our  friend  Mark  Twain,  in  Mr.  Bond, 
discussing  the  question  of  who  should  be  allowed  to  jsractice  medi- 
cine, said,  relative  to  the  proposed  prohibition  of  the  practice  of  cer- 
tain kinds  of  treatment,  certain  Swedish  movements,  etc.,  that  he 
never  had  had  any  inclination  to  be  treated  in  that  way  until  that  dis- 
cussion came  up.  When  he  found  that  he  could  not  be  treated  that  way 
he  wanted  to  be  treated  that  way.  Now,  in  regard  to  the  case  of  the 
civil  engineer,  it  is  questionable  whether  it  is  wise  to  try  to  secure 
legal  formalities  to  keep  certain  men  from  attempting  to  practice 
that  profession.  In  our  country  when  a  keen  business  man  is  in 
need  of  an  engineer  for  any  particular  service,  he  sends  for  one,  looks 
him  in  the  eye,  weighs  him  up,  and  in  less  than  seven  minutes 
knows  whether  he  wants  that  man  or  not.  He  does  not  care  whether 
that  man  has  a  license  to  practice  the  profession  of  civil  engineering; 
but  he  judges  of  him  by  looking  into  his  eye,  by  talking  with  him 
and  finding  out  what  his  experience  has  been,  and  with  that  he  is 
satisfied,  and  it  is  pretty  sure  that  he  is  not  going  to  make  a  mistake. 
"What  would  a  man  do,  for  instance,  in  going  to  New  York  and  being 
called,  let  us  say,  into  the  office  of  Mr.  Harriman  of  the  Union  Pacific? 

Do  you  suppose  he  could  pull  the  wool  over  Mr.  Harriman's  eyes, 
and  be  launched  in  the  designing  of  some  railroad  or  other  large 
engineering  work  of  which  he  would  make  an  utter  failure?  It  does 
not  appear  probable.  That  being  the  case,  it  is  the  speaker's  opinion 
that  we  had  better  let  the  young  men  go  on.  If  they  can  get  a  job  of 
land  surveying,  let  them  have  it.  If  they  can  step  from  that  to  the 
designing  of  a  dam  or  a  bridge,  let  them  do  it,  and  in  that  way  they 
are  inspired  to  study,  not  necessarily  in  a  school,  perhaps — all  the 
better  if  they  could  study  in  school — but  they  are  inspired  to  grasp 
such  means  of  learning  as  they  can,  and  then  through  that  element  of 
Americanism  which  all  of  us  have,  more  or  less,  while  they  are  at  work 
they  are  studying  that  work  at  night,  and  in  that  way  improving  their 
condition,  feeling  that  they  are  free  to  practice  if  they  get  the  oppor- 
tunity to  practice. 
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Mr.  Maignen.  J.  P.  A.  Maignen,  Assoc.  Am.  Soc.  C.  E. — The  speaker  does  not 
know  of  the  existence  of  any  examining  board  in  France  to  rate  civil 
engineers.  Tliey  are  rated  by  the  special  school  from  which  they 
come.  If  they  come  from  I'Ecole  Poly  technique,  they  find  their  way 
into  the  army,  navy,  railway  and  other  great  administrations.  If 
they  come  from  I'ficole  Centrale  des  Arts  et  Manufactures,  they  are 
known  to  be  efficient  in  all  branches  of  engiueering,  and  are  much 
sought  after. 

L'Ecole  des  Ponts  et  Chaussees  turns  out  engineers  who  have 
charge  of  roads,  aqueducts,  tunneling  and  other  great  enterprises. 
Darcy  and  Dupuit,  who  wrote  on  water  supplies,  came  from  this  school, 
L'Ecole  des  Mines  fits  men  for  mining  operations.  Lower  down  is 
I'Ecole  des  Arts  et  Metiers,  which  turns  out  mechanical  engineers. 

It  may  be  said,  therefore,  that  in  France  it  is  the  school  that  stamps 
the  man. 
Mr.  Whinery.  Samuel,  Whineet,  M.  Am.  Soc.  C.  E.  (by  letter). — The  many  mem- 
bers of  this  Society  to  whom  this  question  seems  to  be  one  of  great 
importance  must  regret  that  the  subject  was  not  more  fully  and 
generally  discussed  at  the  Annual  Convention.  The  present  is  prob- 
ably as  favorable  a  time  in  the  j^rogress  of  the  profession  as  will  ever 
occur  for  the  discussion  of  the  subject  and  for  arriving  at  a  final  deci- 
sion in  the  matter.  That  the  subject  is  one  of  importance  to  engineers 
seems  to  be  generally  conceded,  and,  if  so,  it  merits  the  most  careful 
consideration  of  every  worthy  and  loyal  member  of  the  profession. 

The  appointment  of  a  Committee  to  report  on  the  subject  at  the 
next  Annual  Convention  will  keep  the  way  open  for  further  considera- 
tion and  discussion,  and  it  is  hoped  that  the  members  of  the  Society 
will  study  for  themselves  the  whole  question  in  all  its  bearings,  so  that 
the  Committee's  report,  when  presented,  may  be  intelligently  discussed, 
and  a  wise  course  of  action  promptly  decided  upon. 

In  the  discussion  at  the  Convention  the  opinion  was  expressed  that 
any  legislation  that  might  be  thought  advisable  relating  to  the  regula- 
tion of  engineering  practice  should  be  enacted  by  the  National  Govern- 
ment rather  than  by  the  several  State  Governments.  There  can  be  no 
doubt  that  National  legislation  would  be  preferable  if  it  were  possible, 
but  it  must  be  remembered  that  legislation  of  the  character  contem- 
plated is,  by  the  Constitution  of  the  United  States,  distinctly  reserved 
to  the  several  States,  and  that  Congress  has  no  authority  to  enact  such 
laws.  It  follows,  therefore,  that  if  legislative  control  of  professional 
practice  is  decided  to  be  desirable,  our  eiforts  must  be  directed  toward 
obtaining  the  necessary  enactments  from  the  several  State  legislatures, 
and  we  must  do  what  we  can  to  secure  as  great  uniformity  as  may  be 
possible  in  the  provisions  of  the  laws  jjassed. 

In  view  of  the  reference  of  the  subject  to  a  Committee,  the  writer 
does  not  deem  it  necessary  to  more  fully  review,  at  this  time,  the  dis- 
cussion at  the  Convention. 
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Subject  for  Discussion: 

The  Decolorization  of  Water:  When  is  it  necessary?     How  may  it  be 
accomijlished?" 


By  Messrs.  George  C.  "Whipple,  Allen  Hazen,  George  A.  Soper, 
George  W.  Fuller,  J.  P.  A.  Maignen,  J.  N.  Chester,  F.  P. 
Stearns,  Desmond  FitzGerald  and  H.  F.  Dunham. 


George  C.  Whipple,  Assoc.  M.  Am.  Soc.  C.  E. — One  of  the  Mr.  Whipple, 
essentials  of  an  ideal  water  supply  is  that  it  shall  be  colorless.  This 
condition  is  realized  by  most  ground-waters  and  by  some  surface- 
waters,  but,  ordinarily,  surface-waters  possess  an  amount  of  coloring 
matter  which  varies  according  to  the  character  of  the  water-shed  and 
the  length  of  time  that  the  water  remains  in  contact  with  organic  matter. 
At  the  outset,  it  is  important  to  distinguish  between  the  terms 
"  color  "  and  "turbidity,"  for  a  water  may  be  colorless  and  yet  turbid, 
or  it  may  be  clear  and  yet  colored.  According  to  the  strict  definition 
now  recognized  by  water  analysts,  the  color  of  water  is  due  to  sub- 
stances in  solution,  while  the  turbidity  is  due  to  substances  in  sus- 
pension. If  the  susi^ended  particles  are  colored  the  water  may,  indeed, 
have   an   apparent    color,    but    this   is   more    properly   described   as 
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Mr.  Whipple,  "colored  turbidity."  Thus,  the  water  of  the  Eed  Eiver,  in  Louisiana, 
has  a  red  turbidity;  the  water  of  the  Schuylkill  Eiver  has  at  times  a 
black  turbidity,  due  to  coal  dust;  while  water  heavily  laden  with  algae 
may  have  a  green  turbidity.  The  true  color,  or  vegetable  stain,  as  it 
is  sometimes  called,  is  due,  theoretically,  then,  to  substances  in  solu- 
tion; yet  in  i3ractice  this  definition  cannot  be  adhered  to  in  all 
strictness,  because  many  surface-waters  contain  suspended  matter 
of  organic  origin  in  amounts  too  small  to  be  measured  as  turbid- 
ity, but  which  are  sufficient  to  affect  the  color.  Practically,  there- 
fore, the  color  of  a  water  may  be  considered  as  that  jjart  of  the 
apparent  color  which  remains  after  the  visible  turbidity  has  been 
removed. 

Nature  of  the  Coloring  Matter. — The  coloring  matter  in  water  is 
derived  primarily  from  decayed  vegetation — that  is,  from  chlorophyll 
and  its  derivatives.  It  is  usually  brownish,  but  may  vary  in  hue  from 
greenish-yellow  to  reddish-brown,  according  to  the  nature  of  the  sub- 
stances dissolved.  The  exact  chemical  composition  of  chlorophyll  is 
unknown,  but  it  contains  carbon,  hydrogen,  oxygen,  nitrogen  and 
iron,  with  traces  of  other  elements.  It  is  probable,  therefore,  that 
these  constituents  are  all  present  in  the  coloring  matter  of  water.  It 
has  been  known  for  a  long  time  that  in  an  unpolluted  water  the 
amount  of  nitrogen,  as  albuminoid  ammonia,  and  the  amount  of  carbon, 
as  rej^resented  by  the  oxygen  consumed,  Avere,  within  certain  limits, 
proportional  to  the  amount  of  coloring  matter.  These  relations  are 
shown  by  Figs.  1  and  2,  which  are  based  ujjon  analyses  of  samples  of 
surface-waters  from  various  parts  of  the  United  States.  In  most  cases 
the  points  represent  yearly  averages  of  monthly  samples,  and  were 
selected  with  special  reference  to  freedom  from  pollution,  susj^ended 
matter  and  microscopic  organisms.  In  a  general  way,  the  amount  of 
iron  increases  with  the  color,  but,  inasmuch  as  the  amount  of  iron  is 
sometimes  very  small  in  high-colored  waters,  the  relation  is  jarobably 
incidental  rather  than  causal,  so  far  as  the  depth  of  color  is  con- 
cerned. It  seems  likely,  however,  that  iron  exerts  an  influence  on  the 
hue  of  the  water.  Under  certain  conditions,  moreover,  iron  plays  an 
important  part  in  the  production  of  color.  Ground-waters,  for 
example,  are  often  colored  by  ferric  oxide,  but,  inasmuch  as  this  is 
largely  in  susijension,  the  color  produced  is  more  properly  classed  as 
colored  turbidity.  The  color  which  water  acquires  at  the  bottom  of  a 
deep  pond  is  to  a  great  extent  due  to  the  presence  of  compounds  of 
iron. 

Variations  in  Hue. — The  colors  imparted  to  water  by  extracts  of 
different  substances  and  by  extracts  of  the  same  substance  under 
different  conditions  vary  slightly  in  hue.  For  example,  the  extract  of 
birch  leaves  has  a  larger  component  of  red  than  that  of  cedar,  and  the 
cedar  extract  is  more  red  than  that  of  maple.     The  color  extracted 


DISCUSSION    OJST    DECOLORIZATIOX    OF    WATER, 


143 


0.300 

/ 

• 

/ 

• 

0.380 

/ 

• 

• 

/    • 

0.260 

• 

1 

1 

/ 

• 
• 

0.340 

1 

•       • 
• 

/    • 

• 

0.220 

•  / 

/• 

2  0.300 

«  0.180 

1 

•  '^ 

/        • 
/     • 

• 

•  / 

• 
• 
• 

; 

• 

r  * 

.5  0.160 

§ 
S 
5  Q  iin 

1 

••;:•/•■ 

1 

c 

S  0.130 
0.100 

, 

*        •  / 

1   ' 

• 

•  / 

,      . 

• 

/      • 
/      • 

0.080 
0.060 
0.040 

/ 

• 

• 
•  1 

/              • 

• 

•  1 

•  / 

•• 
• 
• 

*• 

./' 

0.020 

J 

J      • 

0 

1 

Mr   Whipple 


30  40  60  80  100  130  140 

Color. 

DIAGRAM   SHOWING  THE  RELATION   BETWEEN  ' 

THE   COLOR  OF  SURFACE-WATERS  AND  THE 
AMOUNT  OF  ALBUMINOID  AMMONIA  IN   SOLUTION. 
Fio.  1. 
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Mr.  Whipple,  from  fresh  peat  is  more  green  and  less  red  than  those  of  the  leaf  extracts 
mentioned.  Old  peat,  however,  has  a  larger  component  of  red  than 
fresh  i^eat.  There  is  some  reason  to  think  that  these  differences  in 
hue  are  due,  in  part  at  least,  to  the  presence  of  different  amounts  of  iron. 
From  analyses  made  by  Dr.  F.  S.  Hollis  for  the  Boston  Water-Works 
it  appears  that  the  amount  of  iron  corresponding  to  a  given  amount  of 
coloring  matter  decreases  with  subsequent  extractions  of  the  same 
substance,  as  shown  by  Table  No.  1. 

TABLE   No.   1. 


Maple  leaves,  8  days 

Maple  leaves,  subsequent  extractions. 

Elm  leaves,  8  days 

Elm  leaves,  subsequent  extractions. . 


Greenish-brown. 
Reddish-brown.. 
Greenish-brown . 
Reddish-brown. . 


0.034 
0.006 
0.016 
0.011 


Iron. 
Color. 


0.092 
0.033 
0.073 
0.055 


The  ferrous  compounds  of  iron  have  generally  a  greenish  color, 
and  it  seems  likely  that  the  greenish  hue  of  fresh  extracts  may  be  due 
to  such  compounds.  Experiment  has  shown  that  their  addition  to 
a  colored  water  renders  the  hue  more  green.  With  subsequent 
extractions  the  iron  becomes  less  in  amount  and  perbaps  changed  to 
the  ferric  condition,  causing  an  increase  in  the  red  component  of  the 
coloring  matter.  It  is  possible  that  manganese  compounds  may  also 
exert  an  influence  on  the  hue  of  water. 

It  is  a  matter  of  common  observation  that  the  hues  of  surface- 
waters  change  with  the  seasons.  During  the  late  autumn  and  winter 
the  greenish-brown  hues,  due  to  the  fresh  extracts  from  newly  fallen 
leaves,  are  most  marked,  while  during  the  spring  and  summer  the 
reddish-brown  hues  prevail. 

The  hue  of  a  water  is  influenced  by  the  amount  of  suspended 
matter  present.  The  red  rays  are  less  readily  absorbed  than  those  of 
shorter  wave-length;  consequently,  when  suspended  matter  is  present 
the  proportion  of  red  rays  transmitted  is  relatively  larger  than  would 
be  the  case  if  the  water  were  clear. 

It  should  be  remembered  that  the  hue  of  a  water  depends  upon  the 
depth  of  liquid  through  which  the  light  passes,  and  that  for  the  rea- 
son stated,  namely,  that  the  red  rays  are  most  easily  transmitted,  the 
hue  becomes  more  red  as  the  depth  of  the  column  of  liquid  increases. 

Measurement  of  the  Amount  of  Coloring  Matter.— The  Platinum- 
Cobalt  Standard,*  suggested  by  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  may 
be  fau-ly  considered  as  the  standard  of  color  measurement.  Accord- 
ing to  this  standard  as  devised  the  color  of  a  water  was  measured  in 
*  American  Chemical  Journal,  Vol.  xiv,  No.  4. 
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Mr.  Whipple,  terms  of  the  amount  of  platinum  in  parts  per  ten  thousand,  which,  in 
acid  solution,  with  so  much  cobalt  as  matched  the  hue,  produced  an 
equal  color  in  distilled  water.  The  sjoeaker  believes  that  it  will  be  a  de- 
cided advantage,  however,  to  make  the  unit  of  color  equal  to  the  amount 
of  platinum  in  parts  per  million  rather  than  in  parts  per  ten  thousand, 
in  order  that  the  figures  which  represent  the  color  may  be  whole 
numbers  rather  than  decimals,  and  in  order  that  the  determination 
may  fall  into  line  with  the  modern  movement  of  expressing  the  results 
of  analysis  in  parts  per  million.  This  method  is  used  in  this  discus- 
sion. It  will  be  observed  that  the  figures  correspond  with  those  of 
the  original  method  with  the  decimal  point  omitted.  A  stock  solution, 
which  has  a  color  of  500,  is  made  by  dissolving  1.246  grams  of  potas- 
sium-platinic  chloride  (PtC1^.2KCl  ),  containing  0.5  gram  platinum, 
and  1  gram  of  crystallized  cobalt  chloride  (GoCl2.6H^O),  containing 
0.25  gram  of  cobalt,  in  water  with  100  cu.  cm.  of  concentrated  hydro- 
chloric acid,  and  making  up  to  one  liter  with  distilled  water.  By 
diluting  this  stock  solution,  standards  are  prepared  containing  0,  5, 
10,  15,  20,  25,  30,  85,  40,  50,  60  and  70  parts  of  platinum  per 
million,  which  are  kept  in  100-cu.  cm.  Nessler  tubes  29  cm.  high, 
2.2  cm.  in  diameter,  with  the  100-cu.  cm.  mark  23.5  cm.  above 
the  bottom.  The  color  of  a  sample  is  observed  by  filling  a  sim- 
ilar tube  with  the  water,  comparing  it  with  the  standards,  and 
noting  the  point  where  the  colors  match.  The  observation  is  made 
by  looking  vertically  downward  through  the  tubes  uj^on  a  white  sur- 
face placed  at  such  an  angle  that  light  is  reflected  upward  through 
the  columns  of  liquid.  A  still  more  accurate  method  of  making  the 
comisarison  is  by  the  use  of  a  colorimeter  like  that  devised  by  Fitz- 
Gerald  and  Foss.* 

Some  objection  has  been  raised  to  the  Platinum-Cobalt  Standard, 
because  with  high-colored  waters  it  is  difficult  to  match  the  hues.  If, 
however,  waters  which  have  a  color  above  60  are  diluted  wdth  color- 
less water  before  the  comparison  is  made  there  is  uo  trouble  from  this 
cause. 

The  Nessler  Standard  and  the  Natural-Water  Standard,  which  was 
made  to  correspond  with  it,  have  been  largely  used  in  the  past,  and 
are  still  adhered  to  upon  some  important  investigations  where  it  is 
desired  to  keep  the  records  continuous.  In  order  to  fac  ilitate  com- 
parison between  these  methods  and  the  Platinum- Cobalt  Standard, 
Table  No.  2  may  be  found  convenient.  It  was  prepared  at  the  Chest- 
nut Hill  Laboratory,  of  the  Boston  "Water-Works,  under  the  direction 
of  Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E. 

Amount  of   Coloring   Matter    in    Surface- Waters.— The    amount   of 
coloring  matter  in  surface  waters  varies  within  wide  limits.     Some 
waters  are  almost  colorless,  while  others  have  a  color  as  high  as  500 
*  Journal  of  the  Franklin  Institute,  Vol.  cxxxviii,  December,  1894. 
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Mr.  Whipple.  TABLE  No.  2. — FoK  Tkansfokming  Colob  Readings  feom  the  Nessler 
OB  Natubal-Watee  Standabd  to  the  Platinum-Cobalt  Standabd. 


Color  of  the  Water  in  Parts  per  Million  of  Platinum. 


Nessler  or  Nat- 
ural-Water 
Standard. 

0.00 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.00 

0 
18 
26 
33 
39 
46 
52 
58 
63 
70 
81 
88 
95 
102 
109 
116 
122 
129 
136 
143 
150 

2 
19 
27 
34 
40 
47 
53 
58 
64 
71 

89 
96 
103 
110 
117 
123 
130 
137 
144 

4 

20 
27 
34 
40 
47 
53 

IS 

72 
82 
89 
96 
103 
110 
117 
123 
130 
137 
144 

6 

20 

35 
41 
48 
54 
59 
65 
73 
83 
90 
97 
104 
111 
118 
124 
131 
138 
145 

8 
21 

35 
42 

48 

54 

60 

66 

74 

84  ' 

91 

98 
105 
112 
118 
125 
182 
139 
146 

9 
22 
29 
36 
42 
49 
55 
60 
66 
75 
84 
91 
98 
105 
112 
119 
125 
132 
139 
146 
.... 

11 
23 
30 
37 
43 
50 
56 
61 
67 
77 
85 
92 
99 
106 
113 
120 
126 
133 
140 
147 

13 
24 
31 
37 
44 
50 
56 
61 
68 
78 
86 
93 
100 
107 
114 
120 
127 
1.34 
141 
148 

15 
24 
33 
38 
45 
51 
57 
62 
69 
79 
87 
94 
101 
108 
115 
121 
128 
135 
142 
149 

17 

0.10 

0  20 

32 

0.30 

0.40 

38 
45 

0.50 

51 

0.60. 

57 

0.70 

0.80 

69 

0.90 

80 

1.00 

87 

1.10. 

94 

1.20 

101 

1.30 

108 

1.40.. 

115 

1.50 

i.eo 

1.70 

121 
128 
136 

1.80 

142 

1.90. 

149 

2.00 

or  even  1  000.  These  extremely  high-colored  waters,  however,  are 
found  only  in  swamps,  and  are  usually  confined  to  small  pockets 
where  the  water  lies  stagnant.  The  amount  of  coloring  matter  in  a 
surface-water  depends  chiefly  upon  the  character  of  the  vegetation  on 
the  water-shed,  and  upon  the  length  of  time  that  the  water  remains 
in  contact  with  the  organic  matter,  but  other  factors  enter  into  the 
problem.  If  water  is  collected  from  a  water-shed  which  is  rocky, 
with  few  trees  and  with  steep  slopes,  the  color  will  be  ordinarily  below 
20;  if  collected  from  a  wooded  area  or  from  cultivated  land  with  steep 
slopes  it  may  be  from  20  to  50;  if  from  a  wooded  or  cultivated  area 
with  gentle  slopes  it  may  be  from  50  to  100;  and  if  from  an  area  upon 
which  there  are  numerous  swam^js  it  may  range  from  100  to  500  or 
more.  These  figures  are  only  approximate,  but  they  give  a  general 
idea  of  what  may  be  found  under  diiferent  conditions.  In  most  cases 
the  problem  is  complex,  and  the  color  of  the  water  collected  from  the 
water-shed  is  the  component  of  numerous  small  feeders  which  drain 
areas  which  differ  in  character,  and  which,  consequently,  contribute 
different  amounts  of  coloring  matter. 

In  New  England,  where  the  color  of  the  surface-waters  has  been 
studied  more  minutely  than  elsewhere,  many  of  the  public  water 
supplies  have  an  average  color  of  more  than  50.  In  general,  it  may 
be  said  that  high-colored  waters  are  most  common  in  the  Northern 
States.     They  are,  of  course,  found  elsewhere,  and  wherever  swamps 
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exist,  but  iu  regions  soiitli  of  the  glacial  drift  many  of  the  streams  are  Mr.  Whipple, 
clay-beariug,  and  the  presence  of  clay  tends  to  reduce  the  amount  of 
coloring  matter  in  solution,  as  will  be  mentioned  later.  In  the  North- 
western States  the  colors  are  often  very  high.  As  a  rule,  high-colored 
waters  are  found  in  comparatively  small  streams  which  drain  limited 
areas,  but  there  are  exceptions  to  this.  Some  of  the  large  rivers  in 
Maine  carry  very  dark  water;  the  Mississippi  River  at  Minneapolis 
often  has  a  color  above  100.  In  the  Northern  States,  where  logs  are 
floated  down  the  streams  and  remain  for  months  in  the  water,  and 
where  saw-dust  is  washed  into  the  streams  in  great  quantities,  -some  of 
the  coloring  matter  may  be  traced  to  this  source. 

The  amount  of  color  in  the  water  of  any  stream  is  subject  to 
seasonal  variations  dependent  upon  the  changes  that  take  place  in  the 
foliage  and  upon  the  distribution  of  rainfall.  In  the  Northern  States 
the  color  of  the  water  in  the  streams  during  the  winter  and  early 
spring  is  usually  at  its  minimum,  because  the  ground  is  frozen  and 
the  water  and  melted  snow  pass  into  the  stream  without  coming  in 
contact  with  the  organic  matter  on  the  ground,  and  because  the  dark- 
colored  water  lying  in  shallow  swamps  is  frozen  and  does  not  con- 
tribute to  the  flow.  The  spring  rains,  however,  cause  the  swamps  to 
overflow,  and  the  dark  water  from  these  sources  causes  an  increase  in 
the  color  of  the  streams.  During  the  summer,  when  the  swamps  dry 
up  and  the  streams  become  low,  there  is  a  decrease  in  color  in  many 
streams,  but  where  the  drainage  from  the  swamps  is  continuous  there 
may  be  a  constant  increase.  In  the  autumn,  after  the  leaves  have 
fallen,  there  is  often  a  marked  increase  in  color.  In  the  small  streams 
of  the  Boston  Water- Works,  where  continuous  observations  cover  a 
long  series  of  years,  it  was  found  that  the  seasonal  changes  in  color 
were  substantially  as  shown  in  Fig.  3.  In  Brooklyn,  N.  Y. ,  where  the 
cold  weather  is  less  severe,  the  winter  minimum  is  not  as  low  as  at 
Boston,  the  sj)ring  maximum  occurs  earlier  in  the  season,  and  the 
second  maximum  occurs  in  January  instead  of  in  December.  At 
Norfolk,  Va.,  the  curve  is  similar  to  that  at  Brooklyn,  but  the  fluctua- 
tions iu  color  are  somewhat  greater.  In  large  streams,  and  in  lakes 
and  storage  reservoirs,  the  seasonal  variations  are  not  as  clearly 
marked  as  those  indicated,  but  they  agree  in  their  general  character. 

Rainfall  has  a  marked  influence  on  the  color  of  small  streams. 
Weekly  observations  on  a  small  stream  on  Long  Island,  covering  a 
period  of  three  years,  showed  that  the  color  was  almost  directly  pro- 
portional to  the  amount  of  rain.  This  stream  was  fed  directly  from  a 
swamp.  Observations  on  the  streams  of  the  Metropolitan  Water- 
Works  gave  similar  results. 

Color  Due  to  Stagnation  in  Deep  Ponds. — No  better  illustration  of 
the  efi"ect  of  stagnation  on  the  color  of  the  water  in  a  deep  lake  can  be 
given  than  that  of  Lake  Cochituate,  in  Natick,  Mass.,  where  weekly 


150  DISCUSSION   ON    DECOLOKIZATION   OF   WATER. 

Mr.  Whipple,  observations  of  color  have  been  carried  on  since  1891.  Some  of  these 
results  are  given  in  Fig.  4.  During  the  summer  the  stagnant  water 
at  the  bottom  becomes  highly  colored,  as  shown  by  the  full  line,  and 
when,  at  the  time  of  the  autumnal  overturning,  this  dark  water  is 
carried  upward,  it  tends  to  increase  the  color  of  the  upper  strata,  as 
may  be  seen  from  the  diagram.  The  same  phenomenon  takes  place 
during  the  period  of  winter  stagnation,  but  on  a  smaller  scale.  The 
exjilanation  for  the  increase  of  color  at  the  bottom  during  stagnation 
is  as  follows:  At  the  bottom  of  the  lake  there  exists  a  deposit  of 
organic  matter,  and  in  the  oxidation  of  this  the  oxygen  dissolved  in 
the  lower  layers  becomes  exhausted.  As  none  can  be  secured  from 
above,  decomposition  progresses  under  anaerobic  conditions,  and  can- 
not be  carried  to  its  final  state  of  comj^lete  oxidation  until  the  over- 
turning. Under  these  conditions  iron  is  taken  into  solution  in  the 
ferrous  condition,  and,  together  with  dissolved  organic  matter,  causes 
the  increased  color.  On  exposure  to  the  air  the  iron  becomes  oxidized 
to  tlie  ferric  condition  causing  a  further  increase  in  color,  and  a  change 
in  the  hue  from  gi-eenish-brown  to  reddish-brown.  The  dotted  line 
in  the  diagram  shows  the  average  color  of  the  four  principal  inflowing 
streams,  obtained  by  combining  the  results  of  each  according  to  the 
size  of  their  drainage  areas.  It  represents,  however,  only  a  part  of 
the  water  which  enters  the  lake. 

Amount  of  Color  in  Ground-Water. — Ground-water  is  usually  color- 
less, or  practically  so.  Wells  sunk  in  swamp  areas,  however,  may, 
under  certain  conditions,  yield  a  water  which  is  high-colored.  In 
passing  downward  through  the  surface  layer  of  peaty  matter,  or 
through  deeper  deposits  of  organic  matter,  the  oxygen  may  become 
exhausted,  and  organic  matter  and  iron  be  taken  into  solution,  as  in  the 
case  of  a  stagnant  pond.  On  exj^osure  to  the  air  the  iron  in  such  a 
water  may  become  oxidized  and  the  color  of  the  water  increased.  To 
a  considerable  extent  the  color  is  diie  to  iron  oxide  in  suspension,  but, 
even  after  filtering  through  a  Pasteur  filter,  some  coloring  matter  may 
remain. 

Even  where  no  organic  matter  is  present,  a  ground-water  may 
contain  a  large  amount  of  iron  in  the  form  of  ferrous  carbonate,  which 
on  exposure  to  the  air  becomes  oxidized  to  the  ferric  condition,  with 
the  formation  of  a  yellowish-brown  precipitate. 

Decolorization  of  Water  by  Natural  Processes. — The  color  of  the 
water  in  large  lakes  is  seldom  high.  There  are  three  factors  which 
tend  to  produce  this  result:  Dilution,  jsrecipitation  and  the  bleaching 
action  of  sunlight. 

Most  large  lakes  receive  water  from  a  water-shed  which  varies  in 
character.  Certain  swamps  and  wooded  areas  may  contribute  dark- 
colored  water,  but  usually,  there  are  other  areas  which  furnish  water 
of  low  color;  at  times  when  the  surface  of  the  lake  is  drawn  down  to  a 
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Mr.  Whipple. 
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l52  DISCUSSION"  oisr  decoloeization  of  water. 

Mi-.  Whipple,  level  below  that  of  the  water  table  the  color  may  be  materially  reduced 
by  dilntiou  with  colorless  ground-water.  In  order  to  estimate  what 
the  color  in  a  lake  or  reservoir  will  be  it  is  necessary  to  take  account 
of  all  the  Avater  that  enters  and  to  give  each  source  weight  in  propor- 
tion to  its  color  and  volume  of  flow;  it  is  also  necessary  to  allow  for 
the  amount  of  coloring  matter  that  leaves  the  lake.  As  the  flow  of 
streams  varies  greatly  at  different  seasons  of  the  year,  any  calculation, 
to  be  accurate,  must  be  based  upon  observations  extending  over  at 
least  one  year,  with  observations  made  as  often  as  once  each  week.  If 
there  were  no  other  factors  to  be  taken  into  account  the  calculated 
color  obtained  by  this  method  would  agree  exactly  with  the  observed 
color  of  the  water  in  the  lake.  The  observed  color,  however,  is  usually 
lower  than  the  calculated  color  because  of  decolorization  dixe  to 
storage. 

Unless  waters  have  a  noticeable  turbidity,  color  readings  are  gener- 
ally made  without  first  filtering  the  samples,  and  experiments  have 
shown  that  even  where  there  is  no  evident  turbidity  surface-waters 
taken  from  swamps  often  contain  enough  finely-divided  suspended 
organic  matter  to  materially  influence  the  color.  Upon  standing, 
some  of  this  suspended  matter  will  settle  to  the  bottom,  as  may  be 
observed  in  sample  bottles,  with  consequent  diminution  in  the  appar- 
ent color  of  the  supernatant  water.  In  lakes  the  loss  of  color  from 
this  cause  is  small,  but  yet  appreciable. 

A  more  important  factor  in  the  decolorization  of  water  in  storage 
reservoirs  is  the  bleaching  action  of  sunlight.  F.  P.  Stearns,*  M.  Am. 
Soc.  0.  E.,  has  stated  that  in  an  unused  reservoir  20  ft.  deep  the  color 
of  the  water  decreased  from  40  to  10  (Nessler  scale)  in  six  mouths.  A 
study  of  the  nature  and  amount  of  the  bleaching  of  colored  waters 
was  made  by  FitzGerald  and  Fossf  by  exposing  bottles  of  high-colored 
water  to  sunlight  for  known  periods  under  different  conditions.  It 
was  found  that  the  reduction  of  color  was  about  20%  for  each  100 
hours  of  bright  sunlight,  and  that  all  the  color  could  be  removed  by 
sutticient  exposure.  It  was  also  found  that  the  actinic  rays  were  most 
efficient  in  removing  the  color.  Samples  exposed  in  blue  and  white 
bottles  showed  much  greater  reductions  than  samples  of  the  same 
water  exposed  in  yellow  and  red  bottles.  The  bleaching  action  was 
influenced  but  slightly,  if  at  all,  by  temperature,  and  the  part  played 
by  sedimentation  was  comparatively  small.  For  equal  periods  of 
exposure  to  sunlight,  the  amount  of  color  reduction  was  the  same  at 
all  seasons  of  the  year. 

In  order  to  determine  the  amount  of  bleaching  action  that  takes 
place  in  actual  practice  the  speaker  once  made  a  series  of  exi^eriments 

*  "  Special  Report  on  Examination  of  Water  Supplies,"  Massachusetts  State  Board 
of  Health,  1890. 

+  Annual  Report,  Boston  Water- Works,  18&4. 
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in  which  bottles  of  colored  water  were  exiiosed  at  different  depths  in  Mr.  Whipple 
reservoirs  under  different  conditions.      The  results  of  three  of  these 
experiments  are  showTi  in  Table  No.  3. 

TABLE  No.  3. 


Experiment 
No.  1. 

Experiment 
No.  2. 

Experiment 
No.  3. 

Color  of  water  in  reservoir 

20 
29 
175 

32.V 
21?^ 

3% 

IX 
Q'4 

37 
30 
270 

52,V 
29,V 

4^ 
4%- 
QX 

OX 
OX 

44 

Time  of  exposure,  number  of  days 

33 

170 

Percentage  of  reduction  of  color- 
In  the  air 

41%' 

At  depth  of  0.5   ft 

20.V 

12%' 

"      2.5    " 

4% 

"            "      5.0    " 

3X 

"      7.5    " 

OX 

"     10.0    " 

OX 

"            "     15.0    " 

OX 

It  was  found  that  at  the  surface  the  bleaching  action  was  consider- 
able, but  that  it  decreased  more  or  less  rapidly  with  increasing  depth, 
according  to  the  color  of  the  water  in  the  reservoir.  In  very  dark 
waters  the  bleaching  action  is  probably  confined  to  a  layer  near  the 
surface  not  over  1  ft.  thick,  but  as  the  water  becomes  lighter,  the 
action  takes  place  at  greater  depths,  consequently  the  color  removal 
proceeds  at  an  accelerated  rate. 

The  fact  that  ground- water  is  colorless  is  due  to  the  action  of  the 
soil,  and  especially  to  the  aluminum  compounds  there  present.  These 
act  chemically  upon  the  coloring  matter,  as  will  be  pointed  out  later. 
The  decolorizing  effect  of  aluminum  compounds  is  also  observed  in 
turbid  waters  which  carry  clay  in  suspension.  In  such  waters  as  those 
of  the  Ohio,  the  Allegheny,  the  Potomac,  etc.,  there  is  very  little  dis- 
solved coloring  matter,  and  when  the  turbidity  has  been  removed  the 
waters  are  almost  colorless  as  well  as  clear.  The  effect  of  clay  upon 
the  dissolved  coloring  matter  may  be  illustrated  by  the  following  ex- 
periment. Kaolin  in  various  quantities  was  added  to  bottles  of  colored 
water;  the  bottles  were  shaken  and  the  water  jiassed  through  a  Berke- 
feld  filter.     The  colors  before  and  after  treatment  were  as  follows: 

Original  color 68 

0.5  gram  kaolin  added  to  250  cu.  cm.  water 52 

1.0     "  "  "  -  "  47 

1.5  grams    "  "  "  " 37 

Amount  of  Coloring  Mniter  Permissible  in  a  Water  Supply. — As  far  as 
can  be.learned,  the  organic  matter  which  gives  color  to  water  is  in  no  way 
injurious  to  health.     In  the  light  of  modern  bacteriology,  it  is  almost 
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Mr.  Whipple,  certain  that  tlie  intestinal  disorders  formerly  attributed  to  swamp-water 
are  due  to  other  agents  than  the  coloring  matter,  though  these  agents 
may  accompany  the  coloring  matter.  The  subject  of  color  is  to  be  con- 
sidered, therefore,  not  from  a  sanitary,  but  from  an  aesthetic  point  of 
view.  No  one  will  deny  that  a  brown-colored  water  is  less  attractive 
than  a  colorless  water,  and  in  these  days,  when  the  public  is  demanding 
improvements  in  the  quality  of  water,  and  when  standards  of  quality 
are  becoming  crystallized,  this  characteristic  must  be  taken  into 
account.  Moreover,  certain  industries,  such  as  the  manufacture  of 
paper  and  certain  fabrics,  bleacheries,  etc.,  are  said  to  demand  a  water 
that  is  both  colorless  and  clear. 

At  present  there  is  no  recognized  standard  of  permissible  color. 
People  from  different  localities  are  influenced  by  the  character  of  the 
water  to  which  they  are  accustomed.  To  a  person  who  has  been  used 
to  well-water,  the  water  from  a  stream  which  had  a  color  of  20  would 
seem  dark,  while  another  person  used  to  swamp-water  would  consider 
it  light.  Below  20,  however,  it  is  seldom  that  the  color  of  a  water 
would  be  complained  of.  Such  a  water  has  a  noticeable  color  when 
viewed  at  some  dejsth  in  a  porcelain-lined  bath  tub,  or  even  in  a  carafe 
upon  a  white  table-cloth,  but  in  a  glass  tumbler  it  would  scarcely  be 
noticed.  Between  20  and  40  the  color  might  or  might  not  be  regarded 
with  disfavor,  according  to  the  tastes  of  the  individual,  but  above  40  it 
would  be  quite  generally  regarded  as  "  high-colored,"  or  "  swamjiy." 
Perhaps  30,  as  an  average  of  the  foregoing  figures,  may  be  regarded  as 
a  fair  limit  for  the  permissible  color  at  the  present  time. 

To  what  extent  a  city  or  town  is  warranted  in  expending  money  for 
the  mere  removal  of  coloring  matter  depends  upon  the  tastes  of  the 
citizens  and  the  financial  standing  of  the  community.  It  is  not  to  be 
looked  upon  as  a  necessity,  but  as  a  luxury.  It  should  be  recognized, 
however,  that  a  good  water  suiJj^ly  is  not  only  a  matter  of  civic  pride; 
it  is  of  financial  value,  and  especially  so  to  a  residential  community. 
Now  the  general  public  judges  a  public  water  supply  largely  by  its 
appearance,  hence  any  reduction  in  the  amount  of  coloring  matter  is 
really  adding  to  the  attractiveness  of  a  city  or  town  as  a  place  of 
residence. 

Methods  of  Decolorization. — The  methods  used  for  reducing  the  color 
of  a  water  supply  may  be  classified  as  follows: 

1. — Prevention  of  color,  by  drainage  of  swamjDS  and  removal  of 
organic  matter  from  reservoir  sites. 

2. — Eeduction  of  color  by  filtration  without  the  use  of  chemicals. 

3. — Decolorization  by  the  use  of  chemicals  followed  by  filtration. 

4. — Decolorization  by  the  use  of  chemicals  without  filtration. 

Prevention  of  Color  by  the  Drahiage  of  Siimmps  and  by  th.e  Removal  of 
Organic  Matter  from  Reservoir  Sites. — It  will  be  sometimes  more  econ- 
omical to  prevent  surface-waters  from  acquiring  color  than  to  remove 
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tlie  color  by  any  of  the  processes  mentioned.  Tlie  color  of  the  water  Mr.  Whipple, 
in  any  stream  or  lake  is  the  component  of  the  colors  of  its  various 
feeders.  It  is  seldom  that  these  feeders  are  equally  colored,  and  it  is 
often  the  case  that  some  one  (or  some  few)  of  them  furnishes  most  of 
the  coloring  matter.  By  dividing  a  gathering- ground  into  parts,  and 
by  estimating  the  color  and  yield  from  each,  the  effect  of  any  partic- 
ular feeder  upon  the  entire  yield  may  be  calculated.  Steps  may  be 
then  taken  to  drain  the  swamps  and  to  intercept  the  water  of  low  color 
from  upland  districts  and  lead  it  into  the  streams  without  allowing  it 
to  enter  the  swamps.  The  location  of  ditches  and  canals  for  these 
purposes  must  dei^end  ujjon  local  conditions.  Sometimes  a  compara- 
tively small  expenditure  of  money  will  yield  most  excellent  results. 
Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E.,  who  was  the  first 
to  attempt  work  of  this  kind  upon  a  large  scale,  estimated  that  by  an 
expenditure  of  ^12  000  the  color  of  the  water  furnishedby  the  Ashland 
Reservoir  of  the  Metropolitan  Water-Works,  Boston,  would  be  reduced 
from  56  to  45.  This  was  equivalent  to  ^4A  per  acre  of  swamp,  or  .$8.57 
jjer  million  gallons  of  storage  capacity.  He  also  estimated  that,  by 
digging  a  system  of  canals,  the  water  fi'om  the  Cedar  Swamp  district, 
embracing  an  area  of  20  sq.  miles,  could  be  reduced  from  106  to  60  at 
an  expenditure  of  $250  000. 

By  removing  the  organic  matter  from  the  bottoms  of  reservoirs, 
this  source  of  color  is  eliminated.  When  the  amount  of  peat  is  large 
and  the  reservoir  is  comparatively  shallow,  the  color  acquired  may  be 
considerable  and  the  action  may  be  constant.  With  deep  reservoirs, 
where  stagnation  occurs,  the  color  will  be  yielded  intermittently,  as 
shown  by  Fig.  4.  With  clean  reservoirs,  storage  of  water  will  reduce 
its  color  instead  of  increasing  it. 

Since  the  color  of  a  water  may  be  permanently  lowered  by  the 
proper  treatment  of  the  water-shed,  and  as  the  cost  of  decolorization 
by  the  use  of  chemicals  increases  with  the  amount  of  coloring  matter 
present,  it  is  evident  that  instances  may  be  found  where  the  former 
method  will  be  the  cheajjer,  and  that,  even  where  some  form  of 
decolorization  is  resorted  to,  the  annual  charges  may  be  reduced  by 
decreasing  the  color  of  the  raw  water  by  drainage  of  the  swamps. 

Reduction  of  Color  hy  Filtration  Without  the  Use  of  Chemicals. — Quartz 
sand  has  absolutely  no  effect  upon  the  coloring  matter  in  water. 
Simple  sand  filtration,  therefore,  cannot  be  depended  upon  to  render  a 
water  colorless.  Yet  sand  filters  do  remove  a  portion  of  the  color,  and 
for  the  following  reasons : 

It  was  stated  that  natural  waters  owe  a  portion  of  their  color  to 
finely-divided  organic  matter  held  in  suspension.  This  suspended 
matter  is  removed  by  filtering  through  a  Berkefeld  filter,  which  is 
composed  of  silica,  or  through  a  bed  of  sand.  Consequently,  the  color 
is  somewhat  reduced.    A  second  filtration  through  these  media  will  not 
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Mr.  Whipple,  further  reduce  the  color,  showing  that  the  action  is  merely  a  mechan- 
ical one. 

The  sand  used  for  filter  beds  usually  contains  a  certain  small 
amount  of  clay,  and  as  the  aluminum  compounds  have  the  power  of 
uniting  with  the  coloring  matter,  there  is  a  slight  decolorization  from 
this  cause.  This  action  is  greatest  in  a  new  filter,  because,  ultimately, 
the  clay  becomes  largely  removed.  Even  when  no  clay  is  present  in 
the  sand  it  is  sometimes  carried  in  suspension  by  the  water  and 
deposited  on 'the  top  of  the  filter,  where,  to  a  slight  extent,  the  same 
action  may  take  place. 

The  oxidation  of  the  coloring  matter  in  the  filter  is  probably  in- 
significant in  amount. 

The  Pasteur  filter  is  sometimes  used  to  filter  samples  of  water 
before  the  color  readings  are  made,  but  the  aluminum  comjjounds 
used  in  the  construction  of  this  filter  exert  a  decolorizing  action  upon 
the  water,  just  as  does  the  clay  in  a  sand  filter.  For  this  reason  a 
Berkefeld  filter,  which  is  composed  almost  wholly  of  silica,  is  to  be 
l^referred. 

If  a  water  is  filtered  through  animal  charcoal,  or  bone  char,  it  may 
be  completely  decolorized.  This  has  been  explained  by  saying  that 
the  coloring  matter  was  oxidized  in  the  pores  of  the  char,  where  it 
came  into  intimate  contact  with  the  oxygen.  Experiments,  however, 
have  apparently  indicated  that  it  is  the  calcium  phosphate  present  in 
the  bone  char  which  is  the  real  decolorizing  agent.  Animal  charcoal 
may  serve  to  decolorize  water  when  it  is  to  be  used  for  industrial  pur- 
poses, but  there  are  objections  to  its  use  for  filtering  a  domestic 
supply.  It  soon  becomes  foul  and  acts  as  a  breeding  place  for  bacteria 
to  such  an  extent  that  the  bacterial  contents  of  the  water  filtered  may 
be  increased  by  several  hundred  per  cent. 

Decolor izciHon  hy  the  Use  of  Ghemicnls  Followed  by  Filtration.  —  Beiore 
the  coloring  matter  can  be  removed  from  water  it  must  be  changed 
chemically.  To  bring  about  this  change  sulphate  of  alumina  is  com- 
monly used  in  connection  with  filtration,  generally  by  the  so-called 
Mechanical,  or  American  system.  According  to  the  accepted  theory  of 
the  action  of  aluminum  sulphate  as  a  coagulant,  the  salt  is  decomposed 
by  reaction  with  the  carbonates*  present  in  the  water,  with  the  forma- 
tion of  sulphates  of  the  alkaline  earths  in  place  of  their  carbonates 
and  of  aluminixm  hydrate,  which  is  the  eff'ective  agent  of  coagula- 
tion. The  aluminum  hydrate  then  "  drags  down  "  the  coloring  matter, 
forming  a  flocculent  precipitate,  or  insoluble  lake,  which  is  removed 
by  filtration.  If  the  carbonates  present  are  not  sufficient  in  amount 
to  decompose  all  the  aluminum  sulphate  added,  the  hardness  of  the 
water  must  be  artificially  increased  in  order  that  no  undecomposed 
coagulant  may  remain  in  the  water.     As  a  general  proposition,  this  is 

*  The  determination  of  "alkalinity"  gives  the  amount  of  carbonates  and  bicarhon- 
ates  present. 
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Mr.  Whipple. 
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DIAGRAM  SHOWING  THE  AMOUNT  OF  SULPHATE  OF  ALUMINA 
REQUIRED  TO  DECOLORIZE  WATERS  OF  DIFFERENT  DEPTHS 
OF  COLOR,  WHEN  THE  COAGULANT  IS  ADDED  IN  DIFFERENT 
WAYS 

LINE  A  A  =  ALUMINUM  SULPHATE  ADDED  TO  COLORED  WATERS  WHICHTTAD  NO  ALKAXTNITY. 

Line  b  b  =  aluminum  sulphate  added  to  colored  waters  of  moderate  alkalinit.y. 

LINE  C  C  =  ALUMINUM  SULPHATE  CHANGED  TO  HYDRATE  BEFORE  ADDING  JO  COLORED  WATERS. 

Fig.  5. 
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Mr.  Whipple,  perfectly  true,  but  experiments  made  by  tlie  speaker  have  shown  that 
so  far  as  decohirization  alone  is  concerned  an  increase  in  hardness  is 
not  desirable,  and,  further,  that  the  complete  absence  of  carbonates  is 
favorable  to  economical  decolorization.     To  illustrate: 

A  water  which  had  a  color  of  100  on  the  platinum  scale,  and  an  alka- 
linity of  20  i^arts  per  million,  required  2  grains  of  aluminum  sulphate* 
per  gallon  to  decolorize  it,  while  a  water  of  equal  color  but  with  no  alka- 
linity required  only  0.7  grain.  This  indicated  that  the  formation  of 
aluminum  hydrate  was  not  necessary  for  the  removal  of  color,  and  that 
thei-e  was  a  direct  reaction  between  the  aluminum  sulphate  and  the 
coloring  matter.  A  series  of  dark-colored  waters  free  from  carbonates 
was  then  prepared  by  diluting  an  extract  of  maple  leaves  in  distilled 
water.  To  each  of  these  diiierently  colored  waters  in  1-liter  bottles 
aluminum  sulphate  was  added  in  various  amounts,  and  the  exact 
amount  necessary  to  decolorize  was  determined  by  allowing  the  water 
to  stand  24  hours  and  then  filtering  through  paper.  The  results  of 
these  determinations  are  shown  in  Fig.  5  by  the  line  A  A.  It  will  be 
noticed  that  the  amount  required  was  proportional  to  the  color  of  the 
water.  The  experiments  were  then  repeated,  using  an  extract  of 
birch  instead  of  mai:)le,  with  practically  the  same  result.  A  natural 
water  was  then  rendered  neutral  to  methyl  orange  by  adding  enough 
hydrochloric  acid  to  neutralize  the  carbonates,  and  here,  again,  the 
same  results  were  obtained. 

To  find  the  amount  of  aluminum  hydrate  required  to  produce 
decolorization,  the  aluminum  sulphate  was  changed  to  hydrate  before 
adding  it  to  the  water.  This  was  done  by  putting  known  amounts  into 
colorless,  hard  waters,  and,  after  allowing  them  to  stand,  mixing  with 
the  colored  waters.  It  was  found  that  when  so  used  a  very  much 
larger  amount  of  sulphate  was  required  than  when  the  direct  reaction 
was  obtained.  The  amount  of  aluminum  sulphate  required  to  decolor- 
ize waters  of  different  colors  when  first  changed  to  hydrate  is  shown  in 
Fig.  5  by  the  line  G  C.  In  general,  it  is  about  five  times  as  much  as 
that  shown  by  the  line  A  A. 

In  actual  practice,  when  aluminum  sulphate  is  added  to  a  colored 
water  which  contains  carbonates,  it  seems  jorobable  that  both  reactions 
take  place  simultaneously,  and  that  a  part  of  the  aluminum  sulphate 
reacts  directly  with  the  coloring  matter,  while  the  remainder  is  decom- 
posed by  the  carbonates,  the  aluminum  hydrate  thus  formed  also  react- 
ing with  the  coloring  matter.  To  show  this,  a  series  of  experiments  was 
madeui)on  colored  waters  which  had  an  alkalinity  of  40  parts  per  mil- 
lion. The  aluminum  sulphate  was  added  to  the  water  in  1-liter  bottles 
and  shaken  thoroughly  and  immediately.  The  results  are  shown  by 
the  line  B  B.     It  will  be  seen  that  this  Kne  occupies  a  mean  position 

*The  aluminum  sulphate  used  in  all  the  experiments  contained  \7X  of  available 
alumina. 
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between    the  lines  A  A  and  C  C.     This  is  the  condition  met  with  in  Mr.  WTiippie. 
practice,  and  the  results  agree  fairly  well  with  those  which  have  been 
obtained  with  mechanical  filter  plants.     Hazen*  has  stated  that  : 

"A  removal  of  8 J  to  OO,*^^,^  of  the  color  can  be  eflected  by  the  use  of 
a  quantity  of  sulphate  of  alumina  equal  to  rather  more  than  2  grains 
per  gallon  for  waters  having  colors  of  1.00,  *  *  *  and  propor- 
tionate quantities  for  more  and  less  dee^ily  colored  waters." 

According  to  the  line  B  B,  1.8  grains  per  gallon  were  required  to 
decolorize  a  jjerfectly  clear  water  which  had  a  color  of  100,  which  is 
but  slightly  below  Hazen's  estimate. 

While  the  two  reactions  take  place  simultaneously,  their  relative 
importance  in  decolorization  varies  according  to  the  alkalinity  of  the 
water,  and  according  to  the  rapidity  with  which  the  coagulant  is  mixed 
•with  the  water.     To  illustrate: 

Two  bottles  of  clear  water  which  had  a  color  of  100  but  no  alka- 
linity were  treated  with  0.8  grain  of  aluminum  sulj^hate  per  gallon. 
The  first  was  shaken  immediately,  while  the  second  was  allowed  to 
stand  one  hour  before  shaking  At  the  end  of  24  hours  both  samples 
were  decolorized.  Two  bottles  of  clear  water  which  had  a  color  of  100, 
but  an  alkalinity  of  50  parts  per  million,  were  similarly  treated  with 
2  grains  of  alumiuum  sulphate  per  gallon.  After  24  hours  the  sample 
which  was  shaken  immediately  was  decolorized,  while  the  sample  that 
stood  one  hour  before  shaking  was  not.  To  the  latter  it  was  neces- 
sary to  add  3  grains  per  gallon  before  the  color  was  removed.  In  this 
case  it  would  appear  that  the  aluminum  sulphate  was  not  at  first  dis- 
seminated through  the  entire  body  of  water,  but  became  in  great 
measure  changed  to  hydrate  before  the  mixing  took  place;  the 
hydrate  formed  was  not  as  effective  in  removing  the  color  as  the 
suljjhate  acting  directly,  consequently  a  larger  amount  was  required. 
It  is  evident,  then,  that  for  economical  decolorization  provision  should 
be  made  for  rapidly  mixing  the  applied  chemical  with  the  water,  so 
that  it  may  come  in  contact  with  the  organic  matter  before  it  has  all 
changed  to  hydrate.  It  is  further  evident  that  the  harder  a  water  is 
the  more  diflScult  it  is  to  treat,  and  the  steeper  will  be  the  slope  of  the 
line  2?  B.  By  neutralizing  a  water,  or  by  reducing  its  alkalinity  before 
the  aluminum  sulphate  is  added,  the  amount  of  chemical  necessary  to 
produce  decolorization  may  be  very  materially  reduced. 

The  direct  reaction  between  the  aluminum  sulphate  and  the  color- 
ing matter  has  another  bearing  upon  the  coagulation  of  waters. 
Fuller  found  at  Louisville  that  the  theoretical  amount  of  reduction 
of  alkalinity  by  the  addition  of  a  certain  amount  of  aluminum  sul- 
jjhate  was  seldom  obtained  in  practice.  This  he  attributed  chiefly  to 
an  absorption  of  the  chemical  by  the  suspended  matter  in  the  water. 
It  is  evident  from  the  foregoing  that  the  coloring  matter  in  water  also 


•  The  Filtration  of  Public  Water  Supplies." 


160  DISCUSSION    ON    DECOLORIZATION    OF    WATER. 

Mr.  Whipple,  absorbs  a  certain  amount  of  chemical,  though  not  in  just  the  same  man- 
ner. For  example,  when  1  grain  per  gallon  was  used  to  decolorize  a 
water  which  had  a  color  of  75,  the  reduction  of  alkalinity  was  only 
84%"  of  the  theoretical  amount.  In  this  case  the  coagulant  was  not 
lost,  of  course,  as  it  was  doing  useful  work  in  precijjitating  the  color- 
ing matter;  but,  inasmuch  as  the  precipitate  formed  by  this  reaction 
has  been  found  by  exjDeriment  to  be  far  less  efficient  in  coagulating 
the  suspended  matter  than  is  aluminum  hydrate,  it  follows  that 
more  coagulant  is  rec^uired  to  clarify  a  colored  water  than  a  water  with- 
out color. 

When  a  water  is  both  colored  and  turbid  the  problem  becomes  a 
comjalicated  one.  If  the  water  has  no  alkalinity  the  aluminum  sul- 
phate is  in  part  absorbed  by  the  susjjended  matter  and  in  part  by  the 
dissolved  organic  matter.  The  precipitate  formed  in  the  latter  case 
has  but  little  coagulating  effect,  as  shown  by  the  following  experi- 
ment: A  non-alkaline  water  which  had  a  color  of  200  and  a  turbidity 
of  50  parts  per  million  on  the  silica  scale  was  neither  clarified  nor  de- 
colorized by  the  addition  of  2.5  grains  of  aluminum  sulphate  per 
gallon,  although  the  same  water  without  turbidity  was  decolorized  by 
1.3  grains,  and  water  of  the  same  turbidity,  but  without  color,  was 
clai'ified  by  using  less  than  1  grain. 

If  a  colored  turbid  water  has  a  sufficient  amount  of  turbidity  the 
action  that  takes  place  is  as  follows:  Part  of  the  aluminum  sulphate 
is  absorbed  by  the  suspended  matter  and  is  j^ractically  wasted;  part 
unites  chemically  with  the  coloring  matter  and  is  lost  as  a  coagu- 
lating agent,  although  it  is  doing  useful  work;  part  is  decomposed 
by  the  carbonates  of  the  water,  with  the  formation  of  aluminum 
hydrate;  of  this  hydrate  a  part  unites  with  the  coloring  matter  and  is 
lost  as  a  coagulating  agent,  while  the  remainder  acts  as  a  true  coagu- 
lant, coating  the  suspended  particles  and  uniting  them  into  floes. 

As  a  rnle,  turbid  waters  are  not  high-colored,  although  the  occur- 
rence of  turbidity  and  color  in  the  same  water  is  by  no  means  un- 
known. The  Hudson  River  at  Albany  at  certain  seasons  of  the  year 
contains  considerable  coloring  matter  in  addition  to  its  turbidity,  and 
the  water  from  swamps  is  often  somewhat  turbid  after  heavy  rains. 
The  effect  of  turbidity  upon  decolorization  is  therefore  of  no  little 
practical  importance.  Unfortunately,  the  data  for  meastxiing  this 
effect  are  not  at  hand.  Certain  facts  bearing  upon  the  question,  how- 
ever, have  been  noticed.  If  an  amount  of  aluminum  sulphate  insuffi- 
cient to  decolorize  a  water  is  added  no  effect  is  produced;  it  is 
necessary  to  add  enough  to  cause  an  almost  complete  precipitation  of 
the  coloring  matter  before  any  action  is  observed.  And  in  the  case  of 
a  water  which  is  both  colored  and  turbid  it  is  necessary  to  add  enough 
coagulant  to  both  clarify  and  decolorize  before  any  action  is  observed. 
In  other  words,  practically  speaking,  it  is  impossible  to  decolorize  a 
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watt3r  by  this  uietliod  wliile  it  remains  turbid,  or  to  clarify  a  water  Mr.  Whipple. 
wMle  it  remains  colored.  Enough  coagulant  must  be  added  to  pro- 
duce both  results  or  the  chemical  will  be  wasted.  In  the  absence  of 
more  reliable  data  upon  this  point  it  may  be  stated,  as  a  general  rule 
for  estimating  the  amount  of  coagulant  required,  that  in  order  to  de- 
colorize a  water  about  0.1  grain  of  aluminum  sulphate  per  gallon 
must  be  added  for  each  5  parts  of  color,  and  that  about  one-half  of 
this  is  active  as  a  coagulating  agent.  With  turbid  waters  the  amount 
of  suspended  matter  usually  determines  the  amount  of  coagulant  re- 
quired, but  when  the  color  is  above  50  the  amount  of  coloring  ^natter 
is  likely  to  be  the  controlling  factor. 

In  most  of  the  experiments  upon  decolorization  previously  referred 
to  it  was  observed  that  the  water  was  seldom  left  absolutely  colorless; 
there  was  usually  a  certain  amount  of  residual  color  even  after  coagu- 
lation and  filtration.  Usually,  this  did  not  exceed  10,  an  amount 
which  may  be  practically  disregarded.  When,  however,  the  color  of 
the  raw  water  was  more  than  200,  the  residual  color  became  important. 
For  example,  a  water  which  had  a  color  of  300  left  a  residual  color  of 
50  after  treatment  with  6.5  grains  per  gallon.  In  some  cases  this 
residual  color  could  be  removed  by  a  second  ajjplication  of  aluminum 
sulphate,  but  in  other  cases  it  resisted  completely  the  action  of  this 
coagulant.  Inasmuch  as  the  residual  color  usually  had  a  marked 
greenish  hue  it  may  be  suspected  that  ferrous  iron  was  present,  and 
that  this  in  some  way  prevented  the  action  of  the  aluminum.  Inas- 
much as  these  very  high-colored  waters  are  seldom  met  with  in  such 
quantities  that  they  would  be  used  as  a  public  water  supply  this  sub- 
ject has  a  theoretical  rather  than  a  practical  interest. 

Temperature  has  a  considerable  effect  upon  the  amount  of  alumi- 
num sulphate  required  to  decolorize  a  water,  and  upon  the  rapidity 
with  which  the  action  takes  place.     This  is  illustrated  by  Table  No.  4. 

TABLE  No.  4. — Effect  of  Tempebatuke  upon  the  Decolorization 
OF  A  Cleab  Water  which  had  a  Color  of  50. 


Temperature. 

(Fahr.) 

Amount  of  Aluminum  SulJ)hate 
required     to     decolorize,     in 
grains  per  gallon. 

Time  required  for 
precipitation. 

44                                   

1.2 
1.0 
0.8 

18  hours. 

70 

6       " 

9S 

3       " 

It  is  a  well-known  fact  that  the  viscosity  of  water  decreases  with 
its  temperature.  Warm  water  will  pass  through  a  filter  more  rapidly 
than  cold  water,  and,  for  the  same  reason,  particles  in  suspension  in 
warm  water  will  settle  more  rapidly  than  in  cold  water. 
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Mr.  Whipple.  Other  substances  than  aluminum  sulphate  have  been  suggested  for 
use  as  coagulants:  for  example,  potash  alum,  ferrous  sulphate,  ferric 
sulphate,  ferric  hydrate  prepared  in  various  ways,  etc.  These  appear 
to  have  no  advantage  over  aluminum  sulphate,  however,  in  point  of 
economy.  It  may  be  observed  that  the  iron  salts  do  not  combine 
directly  with  the  coloring  matter  of  the  water  to  form  a  precipitate, 
as  does  aluminum  sulphate.  The  use  of  permanganate  of  jjotash  has 
been  suggested,  but  the  slowness  with  which  the  action  takes  place  is 
an  objection  to  its  use  in  most  cases. 

De^olorizalion  by  the  Use  of  Chemicals  Alone. — There  are  many 
chemical  substances  which  will  act  on  the  coloring  matter  of  water. 
In  general,  acids  reduce  the  color,  while  alkalies  increase  it.  Acids 
do  not  effect  complete  decolorization,  however,  and  are  of  no  practical 
xise  except  in  reducing  the  alkalinity  of  the  water,  as  previously  men- 
tioned. 

The  use  of  ozone  has  been  advocated,  and  in  certain  cases  it  may 
in  the  future  find  a  practical  application.  Comparatively  little,  how- 
ever, is  known  as  to  its  efficiency  or  cost.  The  use  of  the  hypochlo- 
rites of  calcium  and  sodium  and  of  peroxide  of  chlorine  has  also  been 
suggested.  These  are  proprietary  processes  which  embrace  also  some 
form  of  rapid  filtration  or  straining.  In  general,  however,  it  may  be 
said  that  the  decolorization  of  water  by  the  use  of  chemicals  alone 
does  not  appear  to  be  as  promising  as  the  use  of  some  form  of  co- 
agulant in  connection  with  rapid  filtration. 
Mr.  Hazen.  Allen  Hazen,  M.  Am.  Soc.  C.  E. — The  decolorization  of  water,  as 
Mr.  Whipple  says,  is  purely  an  aesthetic  question.  Color  does  not 
affect  the  wholesomeness  of  the  water,  nor,  in  general,  its  usefulness 
for  mechanical  purposes.  Pure  water  is  coloidess,  or,  to  be  more 
exact,  it  has  an  extremely  light  blue  color.  Waters  carrying  certain 
vegetable  matters  in  solution  are  discolored  by  them,  and  although 
the  coloring  matters  commonly  found  in  waters  are  similar  to,  if  not 
identical  with,  the  coloring  matter  of  tea,  and  are  absolutely  harmless, 
most  people  prefer  that  water  should  not  carry  the  visible  evidence  of 
the  i^resence  of  foreign  matters. 

The  classification  of  the  means  of  removing  color  which  Mr. 
Whipple  has  given  us  is  interesting,  but  at  one  point  at  least  it 
might  be  carried  further  with  advantage.  The  chemical  processes  of 
decolorization  might  be  divided  into  two  classes,  namely,  those  in 
which  the  coloring  matter  is  coagulated  by  a  precipitant  and  removed 
in  an  insoluble  form,  and  those  in  which  it  is  oxidized  and  destroyed. 
Of  these,  the  first,  or  coagulating  processes,  are  the  only  ones  which 
have  been  practically  successful  thus  far.  Sometimes  these  processes 
are  open  to  objections  which  would  be  avoided  by  the  use  of  the 
oxidizing  processes.  The  chemical  oxidizing  processes  consist  in  the 
application  of  some  powerful  oxidizing  agents,  capable  of  destroying 
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tlie  coloring  matter.  Ozone,  permanganate,  and  a  compound  of  Mr.  Hazen. 
chlorine  and  oxygen  have  been  used.  These  processes,  of  course,  are 
different  from  the  natural  oxidizing  processes,  in  which  the  coloring- 
matter  IS  destroyed  under  the  action  of  sunlight,  etc.,  without  chem- 
icals. It  is  a  curious  fact  that  the  coloring  matter  of  water  yields  rather 
easily  to  chemical  oxidation,  although  it  is  one  of  the  most  difficult  of 
substances  to  oxidize  by  nitrification  in  a  filter.  The  decolorization 
of  water  by  these  chemical  oxidation  processes,  although  as  yet  in  an 
entirely  experimental  state,  offers  reasonable  promise  of  practical 
results  in  the  future. 

George  A.  Sop£e,  Assoc.  M.  Am.  Soc.  C.  E. — Some  remarks  made  Mr.  Soper. 
by  Mr.  Whipj^le  and  Mr.  Hazen  suggest  that  it  might  be  of  interest 
to  refer  to  one  line  of  the  inquiry  made  by  the  speaker  into  the  means 
of  decolorizing  water.  Mr.  Hazen,  more  particularly  than  Mr.  Whijj- 
ple,  emphasized  the  fact  that  oxidation  plays  an  important  part  in 
the  decolorization  of  water.  It  might  be  said  that  the  presence  of 
color,  to  a  very  large  extent,  is  due  to  imperfectly  oxidized  organic 
compounds.  In  Nature,  a  good  deal  of  oxidation  takes  place  as  the 
water  percolates  through  the  soil,  and  ground-water  is  found  to  be 
very  generally  free  from  color.  So  the  principles  which  operate  in 
Nature  to  make  such  waters  free  from  color  have  been  applied  in  the 
slow  filtration  of  water,  with  the  result  that  oftentimes  a  very  consid- 
erable removal  of  color  is  accomplished  by  this  jirocess. 

Some  years  ago,  as  many  will  remember,  aeration  was  proposed 
for  the  removal  of  color  because  it  was  thought  that  the  oxygen  of  the 
air  would  have  a  direct  action  upon  the  organic  impurities,  would 
oxidize  them  and  so  destroy  them,  or  burn  them  up,  as  it  was  ex- 
pressed. Later,  it  was  found  that  such  oxidation  proceeds  chiefly 
through  the  agency  of  bacteria,  and  that,  beyond  insuring  the  presence 
of  a  small  amount  of  oxygen,  there  was  no  advantage  in  aerating 
water,  so  far  as  favoring  oxidation  was  concerned. 

Although  it  is  well  known  that  the  principal  source  of  color  in 
water  supplies  is  due  to  substances  which  have  been  extracted  from 
vegetable  matter,  and  that  water  containing  objectionable  stains  are 
often  derived  from  swampy  or  ill-drained  districts  in  which  there  is  a 
heavy  growth  of  plants,  shrubs  or  trees,  the  study  of  the  cause  of  color 
has  not  progressed  so  far  as  to  enable  us  to  definitely  name  the  chemical 
compounds  which  are  responsible  for  the  troiible.  Interesting  as  they 
would  be,  investigations  into  the  constitution  of  such  matters  belong 
to  a  field  of  chemistry  which  has  not  yet  been  thoroughly  cultivated. 
Practically,  all  we  can  say  with  positiveness  is  that  color  is  due  to  the 
extractives  of  woody  fibers  in  which  life  has  been  destroyed  and  which 
are  ready,  or  have  already  begun,  to  make  progress  toward  oxidation. 
Complete  oxidation  is  the  ultimate  fate  of  these  matters  in  Nature. 
When  oxidation  is  carried  to  its  farthest  point,  coloring  matters  of 
organic  origin  are  destroyed. 
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Mr.  Soper.  The  most  imiversal  objection  to  colored  water  supplies  lies  in  their 
unpleasant  appearance.  The  shade  may  range  in  depth  from  a  degree 
which  is  hardly  i^erceptible  to  a  hue  which  can  be  compared  with 
strong  tea.  Dark-colored  waters  are  uninviting  and  frequently  repel- 
lant,  especially  to  those  unaccustomed  to  their  use,  but  they  are  not 
necessarily  injurioiis  to  health  or  objectionable  for  use  in  steam 
boilers.  From  these  facts  it  is  to  be  inferred  that  colored  waters  are 
to  be  objected  to  only  on  grounds  of  minor  consequence,  color  ranking 
in  importance  considerably  below  bacterial  impurity,  turbidity,  iron, 
hardness  and  odor.  Consequently,  it  is  doubtful  if  it  is  desirable  to 
place  a  limit  upon  the  amount  of  color  which  we  should  consider  per- 
missible in  a  public  water  supply.  Esthetic  standards  can  seldom  be 
set  up  with  any  assurance  that  they  will  be  universally  agreed  to,  and 
there  seems  to  be  no  other  reason  to  consider  a  limit  necessary.  Ui^on 
grounds  of  practical  exi^ediency,  therefore,  the  writer  thinks  it  inju- 
dicious to  attempt  to  establish  a  mark. 

In  these  remarks  it  has  been  assumed  that  the  existence  of  color 
without  other  impurity  has  been  the  subject  tinder  consideration. 
Where  color  exists  along  with  other  qualities  which  tend  to  make  a 
water  supply  objectionable,  the  svibject  becomes  complicated  and  extends 
beyond  the  range  of  brief  discussion.  A  comparatively  small  amount 
of  coloring  matter  when  accomj)anied  with  turbidity,  for  example,  is  far 
more  objectionable  than  the  same  amount  in  a  water  otherwise  clear. 
The  reasons  for  this  properly  belong  to  a  broader  topic. 

While  the  nature  of  the  origin  of  color  in  water  suggests  that  in 
most  cases  it  may  be  much  more  readily  prevented  than  cured,  there 
are  several  practical  ways  for  its  elimination.  Unless  it  is  present  to 
an  excessive  degree  it  is  practicable  to  remove  color  from  drinking- 
water  supplies  by  natural  and  artificial  means.  It  has  been  observed 
that  a  reduction  in  color  may  be  eftected  in  open  reservoirs,  provided 
the  water  is  not  stored  at  too  great  a  depth.  Experiments  have  been 
made  which  show  that  sunlight  is  the  important  cause  of  this  reduc- 
tion. The  action  is  apparently  similar  to  the  bleaching  of  dampened 
linen  when  the  latter  is  exposed  to  the  direct  rays  of  the  sun.  The 
bleaching  of  linen  is  considered  to  be  due  to  the  oxidation  of  the 
organic  matter  which  discolors  the  goods,  and  it  is  not  improbable 
that  the  bleaching  of  vegetable  color  in  reservoirs  is  all  due  to  oxidation 
also. 

The  passage  of  water  through  the  ground  or  through  slow  filters 
has  for  one  of  its  objects  a  practical  removal  of  color.  The  amount 
varies  with  the  rate  of  percolation  and  the  amount  of  color  originally 
present.  Part  of  the  coloring  matter  removed  under  such  circum- 
stances is  in  a  finely  divided  solid  condition  and  is  extracted  mechan- 
ically. The  dissolved  matters  which  make  up  the  remainder  of  the 
color  are  probably  oxidized  through  the  activity  of  micro-organisms. 
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The  most  eflective  process  commonly  used  for  the  removal  of  color  Mr.  Soper. 
is  coagulation.  Alum  or  its  equivalent  is  used  to  bring  together  the 
solid  particles  of  coloring  matter  and  destroy  that  part  of  the  re- 
mainder Mhich  is  in  solution.  A  serious  objection  to  coagulation, 
however,  lies  in  the  necessity  for  removing  from  the  water  the  vo- 
luminous precipitate  which  results  from  the  use  of  coagulating 
chemicafs.  Settling  basins  or  filters,  or  both,  have  to  be  used  to 
accomijlish  this  purpose,  and  such  structures  generally  require  an 
extra  pumping  of  the  whole  supjily.  When  it  is  necessary  to  add 
lime  or  other  alkali  to  bring  about  a  proper  action  of  the  alum,  this 
process  of  color  removal  is  open  to  further  objection. 

As  is  well  known,  charcoal,  coke  and  analogous  substances  have 
the  power  of  absorbing  a  large  amount  of  color.  Sugar  refineries  use 
charcoal  filters  in  removing  brown  stains  from  sugar  juices.  Expe- 
rience, up  to  the  present  time,  however,  indicates  that  the  use  of  such 
materials  is  not  practicable  upon  the  scale  required  for  municipal 
water-works,  owing  to  the  necessity  of  renewing  or  revivifying  the 
absorbent.  Consequently,  beyond  the  introduction  of  filters  designed 
to  purify  a  few  thousand  gallons  of  water  per  day,  charcoal  and  other 
absorbing  substances  have  not  been  satisfactorily  used  in  water  puri- 
fication. 

It  might  seem  that  the  use  of  peroxide  of  chlorine,  bromine,  per- 
mangft,nate  of  potash,  or  ozone,  all  of  which  have  been  recommended 
recently  for  the  sterilization  of  drinking- w'ater,  might  be  advantage- 
ously used  to  remove  color.  All  these  chemicals  are  powerful  oxidiz- 
ing agents,  and  would,  without  doubt,  strongly  attack  the  organic 
substances  which  give  water  the  appearance  of  color.  It  will  be  suffi- 
cient to  describe  the  method  of  applying  ozone,  since  many  considera- 
tions make  this  method  the  most  suitable  of  the  chemical  processes 
for  the  removal  of  color  by  oxidation. 

The  iJurification  of  water  by  ozone  has  for  its  object  the  direct  and 
immediate  destruction  of  organic  impurities  by  a  combination  of  their 
elements  with  oxygen.  It  was  formerly  supposed  that  the  simple 
aeration  of  water,  by  bringing  the  oxygen  of  the  atmosphere  into  con- 
tact with  the  impurities,  tended  to  destroy  them.  On  this  principle, 
fountains,  jets  and  falls  were  arranged  at  many  water-works  in  order 
to  aerate  the  waters  in  a  thorough  manner.  It  was  found,  however, 
that  atmospheric  oxygen  is  too  stable  and  inert  to  unite  rapidly  with 
organic  matters.  Without  the  assistance  of  sunlight  or  some  life  process, 
such  as  that  of  bacteria,  for  example,  it  is  doubted  by  many  whether 
such  combination  can  take  place.  Under  the  most  favorable  circum- 
stances the  natural  oxidation  of  organic  matter  is  a  very  slow  process. 

The  purification  of  water  by  ozone  properly  lays  claim  to  the 
advantages  which  were  formerly  thought  to  belong  to  aeration.  By 
this  treatment,  a  portion  of  the  oxygen  of  the  air  is  converted  into  an 
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Mr.  Soper.  active  condition  which  enables  it  to  unite  with  organic  matter  imme- 
diately and  without  the  aid  of  bacteria  or  sunlight.  It  is  consequently 
possible,  by  bringing  water  containing  not  only  color,  but  odor  and 
micro-organisms,  into  contact  with  ozone,  to  destroy  these  impurities 
and  mineralize  them. 

There  are  many  features  which  distinguish  sharply  the  ozone 
method  from  other  chemical  processes  of  oxidation  recommended  for 
the  purification  of  water  supjilies.  Ozone  is  not  soluble  in  water,  and 
so  cannot  by  any  chance  have  an  injurious  effect  ui^on  those  persons 
who  may  consume  the  latter.  If  an  over-dose  were  accidently  applied 
to  the  -water,  the  residue  would  escape  into  the  air  and  be  wasted; 
there  is  no  residue.  Ozone  is  oxygen,  and  only  oxygen,  and  becomes 
atmospheric  oxygen  if  not  used  immediately  after  it  is  i^roduced. 

The  apparatus  for  its  application  is  less  elaborate  and  expensive 
than  that  required  for  filtration.  Extra  pumping  is  not  necessary. 
There  is  no  cleaning  to  be  done.  Whatever  cost  is  involved  in  the 
construction  of  an  ozone  plant  is  chiefly  confined  to  the  machinery 
required  to  ozonize  the  air.  The  cost  of  operation  is  chiefly  the  cost 
of  a  few  horse-powers  of  electric  energy.  From  4  to  5  grams  of  ozone, 
O3,  may  be  obtained  per  cubic  meter  of  air.  From  30  to  50  grams 
may  be  produced  per  horse-power  of  energy.  For  sterilization,  water 
requires  from  6  to  10  parts  of  ozone  per  million  parts  of  water,  or  in 
other  words,  about  24  kgrs.,  or  53  lbs.,  of  ozone  per  million  gallons. 

To  any  one  who  may  doubt  the  practicability  of  producing  ozone 
on  a  large  scale,  it  may  be  said  that  the  total  capacity  of  works 
ojDerated  by  a  manufacturing  chemical  company  of  which  the  speaker 
has  knowledge,  is  fully  J  ton  of  ozone  per  day.  This  should  be  suffi- 
cient to  sterilize  20  000  000  galls,  per  twenty-four  hours. 

In  conclusion,  the  writer  considers  that  the  main  principles  upon 
which  depends  the  successful  use  of  ozone  in  purifying  water  are  fairly 
clear.  The  sanitary  value  of  ozonization  has  been  declared  in  the 
official  publication  of  the  Pasteur  Institute  of  France  and  the  Imperial 
Board  of  Health  of  Germany.  The  International  Congress  of  Hygiene 
and  Demography,  which  met  at  Paris  last  year,  discussed  the  subject 
favorably.  Descriptive  papers,  read  before  engineering  and  water- 
works associations  in  several  countries,  have  recommended  ozone. 
With  the  hygienic  value  of  the  process  thus  fairly  proved,  the  ques- 
tion is  to  apply  ozonization  in  purifying  water  so  that  it  may  be 
economical.  This  is  an  engineering  proi^osition,  and  one  which  is  not 
likely  to  wait  long  for  a  practical  apislication  in  America, 
[r.  Fuller.  Geokge  W.  Ftjllek,  Assoc.  M.  Am.  Soc.  C.  E.— The  discussions  of 
the  preceding  speakers  seem  to  cover  the  leading  information  now 
available  upon  this  topic  in  a  very  comprehensive  manner,  and  leave 
very  little  which  can  be  added  in  general  terms. 

As  is  well  known,  this  subject  is  quite  new,  comparatively  speak- 
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ing.  There  is  one  phase  of  it  to  which  atteutiou  might  be  called.  Mr.  Fuller. 
That  is,  the  practical  significance  of  the  subject  at  this  time  is  not 
normally  related  to  those  water  supplies  which  are  satisfactory  in  all 
ways  except  an  occasional  moderate  excess  of  color.  It  deals  with  the 
consideration  which  is  to  be  given  to  the  matter  in  connection  with 
the  development  of  new  supplies,  and  the  general  imjarovement  and. 
extension  of  existing  works,  so  that  the  result  will  meet  satisfactorily 
the  criticisms  of  the  future. 

This  question  is  very  largely  an  iesthetic;  one.  There  is  no  doubt 
that  the  average  water  consumer  is  better  satisfied  with  a  colorless 
than  with  a  colored  water.  In  the  years  to  come,  it  seems  certain 
that  the  preference  will  become  sufficiently  pronounced  in  many 
cases,  so  that  citizens  will  insist  upon  the  decolorization  of  their  water 
supplies,  a  process  which  ordinarily  involves  only  a  very  small  cost, 
when  expressed  as  an  annual  per  capita  charge. 

The  general  views  which  have  been  expressed,  along  this  line  and 
also  that  of  methods  of  color  removal,  by  the  gentlemen  who  have  pre- 
ceded the  speaker,  coincide  very  closely  with  his  own.  There  is  only 
one  point,  among  those  which  have  been  mentioned  specifically,  on  which 
he  has  any  comments  to  add  at  this  time.  That  refers  to  the  amount 
of  chemical  treatment  which  is  necessary  for  the  removal  of  a  given 
quantity  of  color,  in  the  instance  of  those  colored  waters  which  cannot 
in  a  practicable  manner  be  rendered  satisfactory  in  appearance  by  the 
elimination  of  swamps  upon  the  water-shed,  or  by  the  bleaching  action 
that  is  found  in  large  reservoirs. 

As  a  general  proposition,  it  may  be  said  that  the  amount  of  sul- 
phate of  alumina,  when  chemical  decolorization  is  used,  which  must 
be  added  to  a  water,  to  effect  a  substantially  complete  removal  of  the 
color,  is  aj)proximately  m  the  ratio  of  2  to  2.5  grains  -pev  gallon  for  a 
color  of  100,  according  to  the  platinum  standard,  as  stated  by  Mr. 
Whipple.  Casual  observations  along  this  line  have  been  made  from 
time  to  time  upon  quite  a  number  of  waters  coming  from  various 
sources  throughout  the  country.  There  is  very  little  of  this  informa- 
tion, however,  which  has  been  obtained  on  a  large  scale  up  to  this 
time,  the  purification  plant  at  Norfolk,  Va. ,  being,  the  speaker 
believes,  the  only  one  where  such  records  are  systematically  secured. 
While  in  a  majority  of  cases  the  waters  studied  have  given  results 
which  are  within  reasonable  accord  with  the  above-stated  rule,  it  is  to 
be  noted  that  some  waters  seem  to  form  exceptions  in  this  respect. 

In  connection  with  some  investigations  which  are  being  made  at 
New  Orleans,  in  comparing  various  local  waters  there,  for  adaptation 
to  a  new  supply,  some  attention  has  been  given  to  the  color  of  the 
water  obtained  from  deep  wells.  These  wells  are  some  600  to  800  ft. 
deejs.  The  waters  contain  very  little  suspended  matter,  as  a  rule, 
"there  being  apparently  some  5  to  10  parts  per  million  of  suspended 
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Mr.  Fuller,  organic  matter.  In  color,  the  waters  are  high,  the  amount  ranging 
ordinarily  from  about  150  to  350,  i^latiniim  scale.  The  alkalinity  is 
also  high,  due  to  alkaline  carbonates  and  not  to  lime  and  magnesia. 

In  conjunction  with  Mr.  R.  S.Weston,  the  resident  expert  in  charge 
of  the  New'  Orleans  investigations,  the  speaker  has  given  some  study 
to  the  amount  of  sulphate  of  alumina  necessary  for  the  decolorization 
of  the  local  well-water.  The  leading  results  ol  these  studies  are  sum- 
marized in  Table  No.  5. 

TABLE  No.  5. — Results  of  Experiments  upon  the  Decolorization  of 
Highly  Colored  Waters  from  Deep  Wells  at  New  Orleans. 


Mr.  Maignen. 


Parts  per  Million. 

Grains  per  gallon  of  sulphate  of  alumina. 

Sample. 

Alkalinity. 

Color,  by 
Platinum 
Standard. 

To  decolorize. 

To  effect  a  begin- 
ning   in    color 
removal    from 
original  water. 

Original 
water. 

Water  after 
neutralization. 

412 
365 
420 
403 
441 

190 
200 
120 
350 
180 

13 
5 

7 
18 

3.0 
0.5 
1.2 
2.5 
3.0 

10 

B 

3 

C 

5 

D 

E 

5 
6 

A  detailed  comparison  of  these  data  with  those  presented  by  Mr. 
Whipijle,  may,  perhaps,  bring  out  some  jjoints  of  interest.  In  a  gen- 
eral way,  it  may  be  said  that  they  do  not  seem  to  be  at  variance  with 
his  explanations  and  theories.  The  New  Orleans  well-waters  appear 
to  have  in  some  cases  an  individuality  of  their  own,  especially  when 
compared  with  surface-waters,  in  connection  with  the  treatment  in 
question.  How  far  this  is  due  to  the  composition  of  the  organic  matter, 
to  the  mineral  contents  of  the  water,  or  to  a  combination  of  the  mineral 
and  organic  matters,  is  a  point  which  cannot  now  be  settled.  What- 
ever the  relative  significance  of  the  several  factors  may  be,  it  is  of  some 
practical  imjaortance  to  know  that  some  waters,  in  proportion  to  their 
color,  are  decolorized  with  much  more  difficulty  than  others. 

J.  P.  A.  Maignen,  Assoc.  Am.  See.  C.  E.— In  order  to  judge 
whether  it  is  necessary  to  decolorize  water  there  should  be  a  clear 
conception  of  what  it  is  that  gives  the  color. 

It  is  assumed  that  the  class  of  water  now  under  consideration  is 
that  which  flows  in  the  rivers  of  the  Eastern  States  and  in  those  along 
the  Atlantic  Coast  of  this  country,  and  which  is  also  of  the  same  class 
as  that  found  in  Russia,  Germany,  Holland,  Scotland,  Ireland  and 
many  other  places  on  both  continents. 

A  good  type  of  this  water  flows  in  the  Black  River  at  Watertown. 
In  a  glass  it  is  perfectly  transparent,  but  it  looks  like  bright  light  tea. 

It  has  been  said  that  this  color  is  in  solutiou,  because  neither  filter 


DISCUSSION    ON    DECOLORIZATION   OF    WATER.  169 

paper  uor  sand  nor  porcelain  filters  can  get  rid  of  it.  This  demonstra-  ; 
tion  does  not  prove  that  the  color  is  not  due  to  molecules  in  suspen- 
sion. It  simply  proves  that  neither  paper  nor  sand  nor  jiorcelain 
filters  are  fine  enough  to  retain  them. 

The  Neva  water  at  St.  Petersbui'g  in  the  summer,  the  Seine  water 
at  Paris  in  the  au.tumn,  the  peaty  waters  of  New  York  State  and  many 
other  places,  show  that  what  gives  color  and  odor  to  such  waters  is  not 
some  unknown  liquid  substance,  but  that  it  is  due  to  clearly  defined 
molecules  of  vegetable  and  animal  matter  in  decomposition,  capable  of 
being  seen  with  the  microscope  and  isolated  by  proper  filtration. 

In  many  places  the  natives  attribute  to  these  waters  fevers  and 
dysentery  troubles  and  shim  their  use  as  a  public  danger,  preferring 
to  drink  well-waters,  which  are  often  worse  but  which  do  not  give 
ocular  evidence  of  contamination.  It  is  therefore  conchxded  that  all 
colored  waters  ought  to  be  decolorized. 

Decolorization  has  been  accomplished  lately  in  this  country  by  coag- 
ulation and  filtration,  but  this  system  is  exj^ensive  and  unsatisfactory. 

There  are  two  filtering  materials  which  are  capable  of  removing  the 
color  of  peaty  waters  without  the  iise  of  coagulants.  They  are  asbestos 
and  charcoal. 

Asbestos  is  efficient  because  the  fibers,  and  therefore  the  voids 
between  them,  are  indefinitely  finer  than  those  of  filtering  paper,  sand 
or  porcelain  filters.  By  filtration  through  these  substances  all  color 
and  odor  can  be  removed.  This  is  not  due  to  some  chemical  or  jjhysico- 
chemical  action,  but  to  purely  physical  action  or  fine  filtration. 

The  qualities  of  charcoal  as  an  absorbent  of  gases  and  color  have 
long  been  known.  Nothing  has  been  found  capable  of  replacing  it  in 
sugar  refining.  The  speaker  has  found  that  it  will  remove  the  color 
and  odor  of  peaty  waters  as  well  as  organic  matter  in  solution  and 
dissolved  metallic  salts,  such  as  lead,  iron,  copper,  etc. 

This  quality  has  been  sometimes  attributed  to  a  physico-chemical 
action  and  sometimes  to  molecular  attraction.  This  looint  will  not  be 
discussed  here.  Suffice  it  to  say  that  in  sand  and  porcelain  filters  the 
units  that  make  up  the  filters  are  solid  or  non-porous.  In  charcoal, 
on  the  contrary,  each  unit  is  honeycombed  by  an  infinite  number  of 
microscopic  channels.  While  in  the  former  materials  the  filtration 
takes  place  in  the  voids  or  meshes,  in  the  latter  it  goes  on  through  the 
whole  mass,  through  each  unit  as  well  as  between  the  units.  What 
goes  on  is  more  of  the  nature  of  dialysis  or  osmotic  action.  In  other 
words,  it  is  an  extremely  fine  kind  of,  filtration  which  is  much  more 
intense  than  through  non-porous  material. 

To  the  experts  in  filtration  in  this  country  belongs  the  task  of 
finding  out  how  the  charcoal  should  be  used.  The  speaker  obtains 
the  best  results  by  depositing  a  layer  of  finely  powdered  charcoal  on 
asbestos  cloth;  but  there  are  many  other  ways  of  using  charcoal  for 
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Maignen  the  purpose  of  decolorizing  water.  It  will  certainly  be  found  that 
there  is  more  jjurifying  jjower  in  one  ounce  of  charcoal  than  in  many 
ounces  of  other  filtering  materials. 

Objections  to  charcoal  have  been  raised  in  London,  and  an  echo  of 
these  objections  is  contained  in  Mr.  Whijjple's  discussion,  but  the 
speaker  believes  that  these  objections  are  not  in  the  slightest  degree 
justified  by  careful  inquiry. 

It  has  been  stated,  first  in  London,  that  '•  charcoal  is  favorable  to 
the  growth  of  micro-organisms."  This  statement  has  been  based 
upon  experiments  made  by  Dr.  Percy  Frankland  and  recorded  in  his 
book*  under  the  heading  "Efficiency  of  Different  Filtering  Materials." 
There  may  be  found  the  following  table: 


Micro-Organisms  per 
Cubic  Centimeter. 

Reduction 
per  cent. 

Approximate 
rate  of  filtra- 
tion per 
square  foot 
per  hour. 

Unflltered 
water. 

Filtered 
water. 

Iron       1 

1st  experiment 

80 
2  800 

1  280 

Too  numer- 
ous to 
count. 

2  800 
1  280 

0 

0 

2 

i            0 
\ 

0 

100.0 

100.0 

99.8 
100.0 

100.0 

sponge,    f 
Animal    | 

2d  experiment,  after  12 
days'  action 

3d    experiment,    after   1 
month's  action 

0.40 
0.45 

2d  experiment,  after  12 
days'  action 

0.46 

3d   experiment,    after   1 
month's  action 

increase 
7  000              447.0 

0.86 

It  will  be  observed  that  in  the  second  and  third  experiments  with 
both  iron  sponge  and  animal  charcoal,  Mr.  Frankland  applied  the 
same  water,  but  he  did  not  do  so  in  the  first  experiment. 

The  water  applied  to  the  iron  sponge  filter  contained  only  80  bac- 
teria, while  that  applied  to  the  animal  charcoal  filter  contained  bac- 
teria "  too  numerous  to  count."  This  ought  to  have  thrown  the  whole 
exi^eriment  out  of  consideration. 

Another  fact  will  be  observed  from  this  table.  Where  he  found  the 
increase  in  the  number  of  bacteria,  the  speed  of  filtration  was  doubled, 
being  0.86  gall,  per  square  foot  per  hour  instead  of  0.45  or  0.46  in  the 
other  experiments.  This  surely  ought  to  have  made  an  impression  on 
Dr.  Frankland.  The  filter  must  certainly  have  been  broken  or  other- 
wise damaged,  and  he  ought  to  have  begun  his  experiment  over  again. 

Other  experiments  have  since  been  made,  but,  like  those  of  Dr. 
*  "  Micro-organisms  in  Water,"  1885. 
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Frankland,  they  have  not  been  carried  on  long  enough  to  be  of  any  Mr.  Maignen. 
real  value;  on  the  contrary,  they  serve  to  confirm  the  original  error, 
as  will  be  shown. 

Table  No.  6  is  a  record  of  a  series  of  experiments  to  ascertain  the 
exact  efficiency  of  charcoal  in  removing  bacteria.  Three  small  filters 
were  installed,  each  containing  the  same  quantity  and  the  same  char- 
coal iCarbo-Calcis),  so  as  to  have  a  triple  check.  The  precaution  was 
taken  to  use  diiring  the  first  month  of  the  exj^eriment  filtered  water 
which  was  practically  sterile,  containing  generally  less  than  40  bacte- 
ria. During  the  first  three  or  four  weeks  the  effluent  from  each  of  the 
three  filters  had  a  very  large  number  of  bacteria.  These  bacteria 
did  not  come  from  the  water,  as  the  water  applied  contained  so  few, 
but  from  the  charcoal.  How  did  they  get  in  the  charcoal?  Simply 
from  the  air  which  entered  the  pores  on  cooling  after  burning. 

Readers  of  Tyndall's  book,  "Floating  Matter  in  the  Air,"  will 
remember  his  most  interesting  statement  concerning  grown-up  bac- 
teria and  dry  spores.  He  showed  that  it  required  a  certain  j)eriod  of 
incubation  m  water  for  the  growth  and  development  of  the  s^^ores,  and 
he  found  that  it  was  necessary  to  boil  the  water  three  times  at  inter- 
vals in  order  to  get  rid  of  all  the  germs,  as  they  could  not  be  destroyed 
by  a  single  boiling. 

During  the  first  period  of  use  of  charcoal  filters  the  dry  spores 
which  fill  its  pores  gradually  grow  into  bacteria  and  are  carried  out 
by  the  filtered  water.  It  must  be  remembered  that  the  charcoal 
contains  at  least  fifteen  times  its  volume  of  atmospheric  air,  and 
therefore,  a  considerable  quantity  of  dry  dust  with  it  ;  hence  it  is  that 
water  going  in  with  16  or  18  bacteria  comes  out  with  3  000  or  4  000. 

In  these  experiments  it  will  be  seen  that  it  has  taken  fully  one 
month  of  daily  use  to  free  the  charcoal  of  what  may  be  called  "  con- 
stitutional "  germs  or  bacteria.  Anyone  starting  such  an  experiment 
and  stopping  it  at  the  end  of  a  week,  a  fortnight  or  three  weeksj  would 
be  jiistified  in  condemning  charcoal,  but  if  he  jiersevered  beyond  the 
month  he  would  find  all  the  excellent  qualities  of  charcoal  as  a  bac- 
terial filtering  material. 

As  soon  as  the  filter  was  found  to  be  ripe,  or  deprived  of  its  con- 
stitutional bacteria,  on  October  17th,  raw  water  with  many  bacteria 
began  to  be  introduced.  The  filtrate  of  the  three  filters  remained 
practically  sterile. 

From  September  10th  to  December  15th  the  supply  of  the  filter 
was  intermittent.  Water  was  put  in  once  a  day.  Then  the  oijeration 
was  suspended  until  December  24th  and  the  filters  were  placed  under 
running  water  from  the  tap  so  that  they  filtered  day  and  night.  It 
will  be  seen  that  the  results  remained  thoroughly  satisfactory.  These 
results  will  show  the  advantage  of  perseverance  and  the  danger  of 
basing  conclusions  on  insufficient  data. 
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Mr.  Maignen.  TABLE   No.  6. — Recokd    op   Expekiments   made  to  Ascertain  the 
Bacteeial  Efficiency  of  Chabcoal  Filteks. 


Dates. 

Water  Used. 

Water  Filtered  Through  Carbo-Calcis. 

•  o 

Filter  No.  1. 

Filter  No.  2. 

Filter  No.  3. 

11 

o 

<w        i^ 

°M           U 

4-1         f^ 

Z-^s 

O  j^  0) 

ZuS 

it) 

i 

PI 

he 

a 

1^6 
S.S--C 

^ 

III 

i 

a 

1 

a 
1 

3  t,  fl 

t 

llj 

a* 

D  t-  O 

111 

.2* 

^ 

W 

^ 

2 

^      o 

3 

^     o 

3 

^    § 

h^ 

Sept.  13 

36 

8 

412 

12 

300 

24 

620 

16 

Sept.  10 

15 

32 

8 

360 

10 

376 

18 

520 

16 

11 

15 

38 

8 

316 

8 

240 

14 

460 

30 

12 

16 

0 

0 

3  720 

30 

3  360 

20 

3  420 

24 

13 

16 

16 

0 

4  140 

10 

4  224 

8 

3  700 

0 

14 

19 

18 

6 

5  600 

0 

9  000 

0 

6  120     i     16 

15 

20 

16 

4 

4  800 

0 

7  740 

0 

5  720 

0 

17 

22 

4 

4  500 

0 

6  480 

0 

5  340 

0 

19 

22 

16 

6 

4  160 

0 

5  940 

0 

4  640 

0 

20 

23 

28 

10 

3  920 

0 

4  860 

0 

4  180 

0 

21 

26 

34 

12 

3  064 

0 

4  388 

0 

3  358           0 

32 

27 

16 

4 

2  678 

0 

3  346 

0 

2  534     1       0 

24 

28 

20 

4 

2  326 

10 

8 

2  196         14 

25 

29 

14 

0 

6 

3  316 

0 

1  968 

16 

36 

29 

120 

44 

1  800 

0 

3  098 

12 

1  920 

16 

27 

Oct.  2 

84 

16 

1  660 

0 

3  430 

30 

1  808 

18 

28 

2 

36 

18 

1  560 

0 

3  180 

0 

1  620 

2 

3 

16 

0 

1  500 

0 

3  032 

6 

1  520 

0 

Oct. 

1900 

1 

4 

16 

4 

1  250 

0 

1  460 

0 

1  280 

6 

3 

6 

18 

0 

1  060 

0 

1  200 

0 

1  040 

0 

4 

10 

18 

4 

980 

0 

1  120 

0 

990 

0 

5 

10 

1  048 

46 

926 

12 

1  076 

8 

910 

2 

6 

9 

16 

0 

624 

0 

1  060 

16 

740 

0 

8 

11 

16 

0 

60 

0 

180 

0 

36 

0 

9 

13 

26 

0 

40 

0 

190 

0 

16 

0 

10 

14 

0 

16 

0 

80 

0 

14 

0 

11 

15 

26 

0 

10 

0 

18 

0 

14 

0 

1-2 

16 

8 

0 

4 

0 

2 

0 

8 

0 

13 

17 

10 

0 

0 

0 

0 

0 

4 

0 

15 

19 

8 

0 

0 

0 

0 

0 

4 

0 

16 

20 

10 

0 

0 

0 

0 

0 

2 

0 

17 

20 

980 

90 

6 

0 

0 

0 

6 

0 

18 

22 

740 

80 

4 

0 

4 

0 

6 

0 

19 

23 

850 

60 

6 

0 

4 

0 

8 

0 

20 

24 

1  600 

120 

4 

0 

4 

0 

6 

0 

32 

25 

1  360 

80 

6 

0 

6 

0 

4 

0 

S3 

26 

1  260 

130 

4 

0 

4 

0 

4 

0 

24 

27 

2  500 

120 

0 

0 

0 

0 

4 

0 

35 

29 

2  200 

120 

2 

0 

8 

0 

0 

0 

36 

31 

1  650 

80 

6 

0 

8 

0 

2 

0 

37 

Nov.  1 

1  250 

90 

4 

0 

6 

0 

4 

0 

29 

2 

1  420 

100 

10 

0 

0 

6 

0 

31 

5 

1  340 

100 

8 

0 

0 

0 

4 

0 

Nov. 

1900 

5 

]  650 

140 

4 

0 

6 

0 

4 

0 

2 

6 

1  900 

150 

0 

0 

6 

0 

8 

0 

3 

8 

2  150 

180 

4 

0 

0 

0 

4 

0 

5 

8 

1  720 

130 

0 

0 

6 

0 

0 

6 

9 

3  330 

220 

4 

0 

0 

0 

2 

0 

7 

10 

3  840 

190 

6 

0 

2 

0 

2 

0 

8 

12 

2  000 

160 

0 

8 

0 

2 

0 

9 

13 

2  900 

260 

7 

0 

6 

0 

11 

0 

10 

" 

4  350 

200 

4 

0 

0 

0 

3            0 
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TABLE  No.  ^—{Coatlnued). 


Mr.  Maignen. 


Dates.           | 

1 

Water  Used. 

Water  Filtered  Through  Carbo-Calcis. 

6.2 

Filter  No.  1. 

Filter  No.  2. 

Filter  No.  3. 

CS.Q 

°^^ 

o^fe 

■SJ 

u 

■^  ii-^^ 

t-  fci-i-' 

o 

f-l 

bi 

lai 

tiib 

|a| 

th 

^a| 

ii 

bib 

'■§ 

p 

s  sS 

s.s-^ 

a 

§-r| 

a 

a 

s     6 

a'E  0 

'>! 

3  s-, « 

'>, 

p. 

s 

X 

Hi 

& 

0-28 

.S" 

III 

1 

III 

f 
.3" 

m 

H 

H 

2 

H      3 

J 

H      g 

2 

^     g 

kJ 

Nov.  12 

Nov.  16 

2  700 

160 

8 

0 

^ 

0 

0 

0 

13 

17 

1  920 

140 

3 

0 

0 

0 

5 

0 

14 

17 

1  600 

100 

0 

0 

0 

0 

0 

15 

19 

2  090 

160 

8 

0 

6 

0 

4 

0 

16 

20 

2  630 

200 

8 

0 

0 

0 

4 

0 

17 

21 

5  110 

270 

6 

0 

8 

0 

12 

0 

19 

23 

2  700 

210 

4 

0 

10 

0 

0 

20 

24 

3  200 

130 

12 

0 

6 

0 

12 

0 

21 

24 

5  250 

400 

2 

0 

10 

0 

6 

0 

22 

26 

2  460 

230 

6 

0 

4 

0 

2 

0 

23 

27 

18  600 

800 

10 

0 

15 

0 

12 

0 

24 

28 

6  400 

500 

8 

0 

6 

0 

11 

0 

26 

30 

5  000 

230 

7 

0 

11 

0 

5 

0 

27 

Dec.     1 

5  820 

320 

4 

0 

5 

0 

2 

0 

28 

3 

8  150 

400 

3 

0 

9 

0 

1 

0 

30 

4 

13  000 

590 

6 

0 

5 

0 

2 

0 

Dec. 

1900. 

1 

5 

11  560 

500 

9 

0 

7 

0 

4 

0 

3 

7 

11  000 

410 

4 

0 

6 

0 

7 

0 

4 

8 

5  640 

160 

3 

0 

2 

0 

6 

0 

5 

8 

6  950 

200 

3 

0 

4 

0 

1 

0 

7 

11 

9  760 

190 

6 

0 

0 

4 

0 

8 

12 

12  100 

210 

2 

0 

8 

0 

1 

0 

10 

14 

10  620 

170 

3 

0 

4 

0 

8 

0 

11 

15 

9  340 

140 

6 

0 

2 

0 

3 

0 

12 

17 

13  200 

220 

7 

0 

0 

0 

2 

0 

13 

18 

16  240 

340 

1 

0 

5 

0 

3 

0 

14 

18 

10  430 

260 

0 

0 

8 

0 

11 

0 

15 

19 

9  210 

160 

6 

0 

8 

0 

2 

0 

24 

29 

11  500 

200 

6 

0 

10 

0 

12 

0 

27 

31 

9  700 

150 

4 

0 

0 

8 

0 

28 

Jan.     1 

9  900 

210 

3 

0 

6 

0 

8 

0 

29 

3 

11  400 

280 

1 

0 

3 

0 

5 

0 

Jan. 

1901. 

1 

8 

13  400 

320 

2 

0 

1 

0 

3 

0 

4 

9 

9  620 

160 

2 

0 

3 

0 

4 

0 

5 

10 

10  800 

210 

0 

0 

4 

0 

6 

0 

7 

11 

13  090 

230 

2 

0 

4 

0 

1 

0 

8 

12 

11  100 

210 

4 

0 

2 

0 

6 

0 

9 

14 

10  060 

260 

0 

0 

8 

0 

9 

0 

10 

15 

14  090 

300 

5 

0 

2 

0 

10 

0 

11 

16 

11  520 

160 

9 

0 

0 

0 

6 

0 

12 

17 

12  420 

180 

4 

0 

2 

0 

3 

0 

14 

19 

9  820 

150 

10 

0 

0 

0 

9 

0 

15 

19 

9  230 

120 

6 

0 

3 

0 

8 

0 

16 

21 

16  750 

500 

2 

0 

0 

0 

0 

0 

17 

22 

28  500 

1  260 

16 

0 

18 

0 

11 

0 

18 

23 

20  100 

720 

0 

8 

0 

2 

0 

19 

24 

13  950 

630 

9 

0 

9 

0 

13 

0 

22 

26 

9  520 

110 

12 

0 

9 

0 

2 

0 

23 

28 

12  180 

610 

10 

0 

12 

0 

1 

0 

24 

29 

11  210 

610 

4 

0 

6 

0 

3 

0 

25 

29 

6  950 

590 

22 

0 

25 

0 

20 

0 

26 

31 

10  140 

460 

17 

0 

13 

0 

9 

0 

28 

Feb.    2 

10  750 

500 

9 

0 

14 

0 

0 

0 

29 

' 

13  060 

610 

9 

0 

10 

0 

2 

0 
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Mr.  Maignen. 


TABLE  No.  &—{Condiided). 


DATtS. 

Water  Used. 

Water  Filtered  Through  Carbo-Calcis. 

■  0 

Filter  No.  1. 

Filter  No.  2. 

Filter  No.  8. 

If 
0 

•w       u. 

«w        u 

=H          ^• 

0    .« 

0        (B 

0     s 

•43 

PI 

^ 

Ill 

tub 

m 

t* 

HI 

ii 

tt 

03 

_a 

SS'43 

c 

a  CSS 

a 

SceS 

a 

a 

a 

'>> 

5  E  a 

">> 

sS  a 

B'C  a 

P. 

1 

H 

•s 

% 
3 

11 

3 

1^1 

1 

^     0 

& 

3 

Jan.  30 

Feb.     4 

11  500 

530 

5 

0 

6 

0 

3 

0 

31 

5 

9  930 

450 

8 

0 

10 

0 

0 

0 

Feb. 

1901. 

1 

5 

10  060 

490 

4 

0 

7 

0 

4 

0 

5 

9 

12  030 

490 

3 

0 

5 

0 

1 

0 

6 

11 

12  370 

500 

0 

0 

4 

0 

0 

r 

12 

14  630 

330 

3 

0 

6 

0 

6 

0 

8 

12 

11  930 

190 

e 

0 

1 

0 

8 

0 

9 

14 

8  260 

120 

0 

2 

0 

8 

0 

11 

15 

9  030 

110 

0 

0 

0 

4 

0 

12 

16 

11  430 

180 

1 

0 

6 

0 

2 

0 

13 

18 

9  980 

160 

1 

0 

1 

0 

0 

0 

14 

18 

8  780 

150 

0 

0 

0 

0 

6 

0 

15 

19 

8  120 

130 

1 

0 

2 

0 

0 

16 

21 

15  980 

180 

6 

0 

7 

0 

2 

0 

18 

15  360 

200 

1 

0 

3 

0 

0 

0 

19 

23 

12  540 

200 

4 

0 

1 

0 

0 

0 

20 

25 

10  710 

130 

6 

0 

0 

0 

3 

0 

21 

25 

14  270 

250 

4 

0 

1 

0 

4 

0 

22 

27 

9  940 

190 

0 

0 

0 

0 

3 

0 

23 

27 

10  980 

200 

0 

0 

1 

0 

0 

25 

Mar.    1 

12  830 

230 

6 

0 

1 

0 

2 

0 

26 

3 

8  160 

160 

2 

(1 

5 

0 

3 

0 

27 

3 

8  220 

210 

3 

0 

7 

0 

8 

0 

J.  N.  Chestee,  M.  Am.  Soc.  C.  E. — Being  in  the  i^osition  of  repre- 
senting, in  most  part,  private,  or  quasi-public,  corporations  delivering 
water  to  municipalities,  the  speaker  is  probably  placed  under  a  ban 
more  strict  than  that  over  the  municipality  which  furnishes  water  to 
itself,  or  of  an  engineer  for  a  corporation  furnishing  water  to  itself, 
and  can  only  em^jhasize  the  necessity,  from  his  own  standjioint,  of 
removing  all  color.  Color  gives  just  as  much  trouble  as  turbidity, 
and  the  municipality  buying  water  from  a  private  corporation  will 
not,  if  it  can  helj)  it,  tolerate  either.  As  to  the  methods  of  removing 
color,  one  method  will  not  fit  in  all  cases,  and,  while  the  theorv  ad- 
vanced by  Mr.  Maignen  is  that  color  may  not  be  in  solution,  but  abso- 
lutely in  suspension,  and  is  one  which  had  not  occurred  to  the 
speaker  before,  yet  the  fact  that  such  color  is  in  suspension  has 
always  been  proved  by  the  absence  of  any  precipitate  after  allowing 
the  water  to  stand  for  days  and  weeks  in  an  absolutely  clear  vessel. 
Nevertheless,  it  has  been  possible  to  remove  color  in  suspension, 
except  that  caused  by  tan  bark  or  tannin,  in  water  taken  from  the 
fore  or  back  bay  where  logs  were  lying,  or  from  the  river  in  which 


DISCUSSION    ON    DECOLORIZATION   OF    WATER.  175 

there  are  periodical  log   drives.     It  has  been  found  that  most  of  that  Mr.  Chester, 
color  can  be  coagulated  and  removed  by  the  use  of  chemicals,  while  in 
other  waters   the  very  same   chemicals,  in  any  proportion,  failed   to 
remove  the  color. 

Fkedeeic  p.  Steaens,  M.  Am.  Soc.  C.  E.— Mr.  Whipple,  in  opening  Mr.  Stearns, 
the  discussion  upon  this  topic,  has  covered  the  ground  very  thor- 
oughly, so  that  the  speaker  can  add  nothing  of  interest  to  the  general 
discussion  of  methods,  and  will  therefore  confine  his  remarks  to  work 
now  in  progress,  relating  to  the  decolorization  of  the  water  supply 
of  the  Metropolitan  Water  District  of  Massachusetts,  which  includes 
the  City  of  Boston  and  seventeen  other  cities  and  towns. 

The  streams  formerly  used  as  the  main  soiirces  of  su^jply  of  the 
City  of  Boston  derived  a  sufficient  proportion  of  their  water  from 
swamps  to  give  it  a  brownish  tinge,  and  the  average  color  of  the  water 
in  the  streams  was  about  90,  on  the  scale  used  by  Mr.  Whipple.  A 
part — approximately  one-third — of  this  color  was  removed  by  storage 
in  the  reservoirs. 

In  selecting  a  new  source  of  sui)ply  for  the  Metropolitan  District, 
care  was  taken,  in  the  first  instance,  to  select  a  drainage  area  in  a  hilly 
coimtry  where  there  was  less  swampy  land  and  where  the  water  had 
naturally  only  about  one-half  the  color  of  the  streams  supplying  the 
City  of  Boston.  Notwithstanding  this  precaution,  two  measures  were 
adopted  for  decolorizing  the  water: 

1.  The  construction  of  an  extremely  large  storage  reservoir,  from 
which  all  soil  and  vegetable  matter  are  to  be  removed,  in  which  the 
water  will  remain  long  enough  to  bleach. 

2.  The  drainage  of  swamps  by  drainage  ditches  located  near  their 
borders,  to  intercept  the  upland  water  and  prevent  it  from  entering 
the  swamps. 

The  Wachusett  Reservoir,  now  under  construction  for  the  storage 
and  bleaching  of  the  water,  will  hold  an  amount  of  water  equal  to 
533  000  000  galls,  per  square  mile  of  drainage  area.  This  is  far  in 
excess  of  the  usual  practice;  for  instance,  the  storage  of  the  City  of 
Boston  on  its  principal  water-sheds,  in  1897,  was  equivalent  to 
90  000  000  galls,  per  square  mile  of  water-shed,  or  only  about  one-sixth 
of  the  amount  to  be  furnished  on  the  Wachusett  water-shed.  To 
express  the  storage  in  the  Wachusett  Reservoir  in  another  way,  it  may 
be  said  that  it  is  equivalent  to  the  average  flow  of  the  streams  for  1^ 
years. 

The  drainage  of  swamps  for  the  purpose  of  diminishing  the 
amount  of  color  and  organic  matter  in  water  is  somewhat  novel,  and 
it  may  be  of  interest  to  refer  in  some  detail  to  the  work  which  has 
been  done  in  this  line  up  to  the  j^resent  time. 

On  a  portion  of  the  Sudbury  water-shed,  having  an  area  of  27.68 
sq.  miles,  which  is  used  in  connection  with  the  new  water-shed  for 
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Mr.  Stearns,  supplying  the  greater  portion  of  the  water,  swamps  having  a  total  area 
of  937  acres  have  been  drained  by  the  construction  of  129  510  ft. — equal 
to  24.53  miles — of  ditches.  One  of  the  swamps,  known  as  Crane 
Swamp,  is  nearly  as  large  as  all  the  others,  having  an  area  of  460 
acres,  and  this  is  drained  by  45  250  ft.  of  ditches.  The  water-shed  of 
the  swamp,  including  the  swamp  area,  is  2.9  sq.  miles. 

On  account  of  the  extent  of  the  work,  it  was  very  desirable  to 
adopt  a  form  of  ditch  which  would  be  inexpensive,  maintain  its  form, 
be  easily  cleaned,  and  concentrate  the  flow  so  that  leaves  and  other 
light  substances  would  be  carried  along  by  the  current.  The  form 
adojDted  is  shown  in  Fig.  6. 

^  SCALE  OF  FEET 


SECTION  OF  SWAMP   DRAINAGE   DITCH 
Fig.  6. 

There  is  a  wooden  bottom  made  of  a  hemlock  board  12  ins.  wide 
and  1  in.  thick,  laid  lengthwise  of  the  ditch,  and  temporarily  secured 
by  nailing  to  2  x  4-in.  sills,  2  ft.  long.  At  each  side  of  the  hemlock 
board  is  jjlaced  a  triangular  strip,  formed  by  sawing  a  4  x  4-in.  sj^ruee 
joist  on  one  of  its  diagonals.  These  are  rabbeted  at  the  right-angled 
corner,  so  that  they  lap  about  f-in.  on  the  hemlock  board,  and  are 
expected  to  hold  it  in  place  after  the  nails  have  rusted  away.  The 
inclined  sides  of  these  triangular  strips  furnish  a  convenient  footing 
for  light  paving,  which  is  carried  up  the  sides  of  the  ditch  as  far  as  the 
ordinary  water  level  in  the  spring  of  the  year.  Above  this  the  slopes 
of  earth  are  grassed. 

All  ditches,  of  whatever  depth,  have  the  same  cross-section  at  the 
bottom,  and  it  is  a  very  easy  matter  to  clean  them.  Near  the  mouths 
of  the  more  important  ditches  large  settling  basins  have  been 
constructed,  to  intercepl  leaves  and  other  substances  carried  along 
the  ditches  by  the  current.  As  these  ditches  are  all  constructed  below 
the  swamp  level,  it  is  expected  that  the  bottom  board  and  the  greater 
portion  of  the  strips  at  the  sides  will  be  covered  with  water  at  all 
times,  so  that  the  wood  will  not  decay;  but  they  have  not  yet  stood 
the  test  of  time.     They  seem  to  be  very  efficient. 

Including  work  done  upon  the  Wachusett  water-shed,  1  069  acres 
of  swami^  have  been  drained  by  the  construction  of  144  558  ft.  of 
ditches.     The  cost,  including  the  purchase  of  a  portion  of  the  land, 
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the  lowering  and  rebuilding  of  several  road  culverts,  and  the  engi- 
neering expenses,  not  only  in  connection  with  swamps  already  drained 
but,  in  addition,  for  many  surveys  of  swamps  yet  remaining  to  be 
drained,  andwhich  cannot  well  be  separated,  amounts  to  S93  per  acre  of 
swamp  and  69  cents  per  foot  of  ditch.  The  cost  of  labor  and  materials 
for  constructing  the  ditches,  exclusive  of  land  and  engineering- 
expenses,  has  varied  considerably  under  different  conditions,  but  in 
some  swamps  has  been  as  low  as  23  cents  per  foot. 

The  extent  of  the  decolorization  is  indicated  by  Table  No.  7,  which 
gives  the  result  at  Crane  Swamp  and  at  one  other  swamp. 

TABLE  No.  7. — CoiiOK  of  Water  from  Crane  Swamp  and  from 
Swamp  Southwest  of  Marlborough  Junction  Before  and  After 
Dratning. 


Crane 

Swamp. 

Swamp  Southwest  of 
Marlborough  Junction. 

Month. 

Before 
draining. 
1894-95. 

After 
draining. 

1900. 

Before 
draining. 
1891-95. 

After 

draining. 

1900. 

January  

190 
320 
140 
154 
840 
248 
195 
315 
179 

330 
200 

90 
140 
75 
90 
40 
65 
47 
30 
* 

65 
105 
155 

132 
165 
114 
138 
328 
200 
128 
300 
148 
90 
98 
114 

55 

75 

March     

35 

April 

60 

May  

40 

June 

45 

July 

40 

35 

September 

50 

25 

December 

55 

Average,  omitting  September 

337 

82 

144 

47 

*  No  water  running  in  brook. 

The  arithmetical  mean  of  the  results  for  eleven  months,  as  shown 
by  the  table,  indicates  the  removal  of  64,%  of  the  color  from  the  water 
issuing  from  Crane  Swamp  and  of  67,9o  of  that  issuing  from  the  other 
swamj}.  These  results,  however,  may  be  somewhat  misleading, 
because  they  give  equal  weight  to  observations  made  in  the  diy  and 
wet  months.  Moreover,  they  represent  only  the  comparison  of  two 
years,  and  it  is  well  known  that  in  different  years  the  color  of  water 
varies  very  much  with  the  amount  and  distribution  of  the  rainfall. 
After  giving  due  weight  to  the  quantity  of  water  flowing  in  the  dif- 
ferent months,  and  after  making  a  comparison  of  the  color  during  the 
years  included  in  the  table  with  the  average  color  for  a  series  of  years, 
it  seems  probable  that  rather  more  than  50%  of  the  color  of  the  water 
flowing  from  these  swami^s  has  been  removed  by  the  ditching. 

In  other  swamps  which  occupy  a  smaller  proportion  of  the  water- 
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Mr.  Stearns,  slied  of  tlie  streams  in  which  they  are  located,  so  that  more  water 
passes  through  them,  the  original  color  was  lower  and  the  percentage 
of  color  removed  was  less;  but  in  such  cases  the  improvement  affects 
a  larger  quantity  of  water  in  proportion  to  the  area  of  swamp  drained. 

It  is  believed  that  the  two  methods  adopted,  namely,  long  storage 
in  a  clean  reservoir  and  the  efficient  drainage  of  the  swamps,  will 
result  in  a  practically  colorless  water  for  the  supjaly  of  the  Metroi^oli- 
tan  District. 
Mr.  FitzGerald.  Desmond  FitzGeeald,  Past-President,  Am.  Soc.  C.  E.— The  decolor- 
ization  of  water  by  the  use  of  chemicals  and  by  filtration  in  contact 
with  various  substances,  such  as  animal  charcoal,  has  received  a  great 
deal  of  attention,  but  there  are  comparatively  few  accurate  data  avail- 
able in  connection  with  the  decolorization  of  water  by  exposure  to  sun- 
light, and  by  draining  the  swamps,  which  are  the  priucij^al  source  of 
color. 

About  ten  years  ago  the  sjjeaker  began  taking  observations  on  the 
colors  of  brooks  in  connection  with  plans  for  improving  the  sources  of 
supply  of  the  City  of  Boston.  Exj^eriments  and  observations  were  made 
as  to  the  source  of  color  of  surface-waters,  and,  at  the  same  time,  a 
method  was  devised  for  reading  the  colors  accurately.  The  results  of 
these  investigations  were  published  largely  in  the  reports  of  the  Boston 
Water  Board.  Mr.  Hazen's  discovery  of  the  Platinum-Cobalt  Standard, 
used  with  an  accurate  colorimeter,*  has  opened  a  way  for  the  taking 
of  colors  accurately.  On  the  Platinum-Cobalt  scale  the  divisions  are 
of  equal  length.  That  is  to  say,  a  color  of  30  is  three  times  that  of  10. 
The  Nessler  scale,  on  the  other  hand,  is  an  inaccurate  one,  as  may  be 
seen  by  the  following  comparison: 

Comparison  between  the  Plaliuum  and  Natural-  Water  {or  JVessler)  Scales. 

Platinum 10      20      30      40      50      60      70      80      90        100 

Nessler 0.06  0.13  0.26  0.42  0.57  0.74  0.90  0.99  1.13       1.27 

The  color  of  waters  in  New  England  is  generally  derived  from  vege- 
table matter,  although  in  some  cases  it  is  dependent  ujjon  iron  and 
manganese  combined  with  the  extractive  organic  matter. 

In  Lake  Cochituate,  during  the  summer,  the  water  drawn  from  the 
bottom  is  always  darker  than  that  at  the  surface,  and  it  increases  in 
color  rapidly  after  exposure  to  the  air.  The  average  of  five  different 
determinations,  made  between  the  last  of  August  and  the  beginning 
of  November,  when  the  water  at  the  bottom  is  at  its  maximum  color, 
during  three  successive  seasons,  showed  that  the  water  in  the  bottom 
layers  had  a  color  on  collection  equal  to  six  times  that  at  the  surface, 
and  on  exposure  the  color  increased  to  twenty  times  that  at  the  sur- 
face.     A  large  part  ot  this  color  is   due   to   the   presence    of   iron. 

*  Such  as  that  described  in  the  Journal  of  the  Franklin  Institute,  December,  1894. 
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Wiiile  exposed  at  the  surface  the  iron  is  oxidized  to  a  precii)itate  Mr.  FitzGerald. 
of  ferric  hydrate,  which  falls  to  the  bottom,  where  it  gives  up  its 
oxygen  for  the  further  oxidation  of  organic  matter  which  is  there 
undergoing  decomposition.  The  iron  is  thus  nearly  all  reduced  to  a 
ferrous  or  colorless  form,  which,  by  its  oxidation  on  exposure  after 
collection,  causes  the  increase  of  color  due  to  its  presence  in  the  ferric 
condition.  In  contact  with  organic  matter  this  ferric  iron  remains 
soluble  for  a  time,  but  finally  settles  out  in  ferric  hydrate,  leaving  the 
water  colorless. 

It  will  thus  be  seen  that  iron  may  aid  iu  the  oxidation  or  purifica- 
tion of  the  water  at  the  bottom  of  a  pond,  by  giving  up  its  oxygen. 
"Where  there  is  insufficient  organic  matter  in  the  water  to  reduce  it  all 
to  the  soluble  condition,  ' '  i:)ond  ore  "  will  be  formed  in  the  bottom  of  the 
pond.  In  1892  an  elaborate  investigation  of  this  phenomenon  was 
made,  under  the  si^eaker's  direction,  by  Mr.  Frederick  S.  Hollis,  and  his 
fall  report  was  published  in  the  seventeenth  annual  report  of  the  Bos- 
ton Water  Board.  Disregarding  the  effects  due  to  iron,  the  color  of 
surface-waters  in  New  England  is  principally  due  to  the  carbonaceous 
matter  derived  from  the  swamps.  The  water  of  the  brooks  is  gener- 
ally a  clear  brownish-yellow,  and  represents  a  mean  between  the 
extremes  of  the  greenish-yellow  color  imparted  by  freshly  decom- 
posing organic  matter  and  the  dark  brown  of  the  older  peaty 
materials.  In  all  investigations  in  connection  with  the  deeoloriza- 
tion  of  water  it  should  be  remembered  that  besides  taking  the  colors 
of  the  waters  as  they  flow  in  the  brooks,  these  colors  should  be 
weighted  by  the  amount  of  water  flowing. 

It  is  well  known  that  water  when  exposed  to  sunlight  for  a  suf- 
ficient length  of  time  will  lose  all  its  color.  This  accounts  for  the  color- 
less condition  of  the  water  in  almost  all  large  lakes,  notwithstanding  the 
fact  that  the  streams  supjalying  the  lakes  may  be  highly  colored.  A 
careful  determination  of  the  effect  on  the  storage  in  a  large  reservoir 
filled  in  the  spring  and  drawn  down  in  the  summer  has  shown  that  in 
ordinary  j^ractice  about  33%  of  the  color  is  destroyed. 

In  1894  some  experiments  were  made  under  the  speaker's  direction 
to  determine  the  effects  of  sunlight;  and  the  results,  with  tables,  were 
published  in  the  nineteenth  annual  report  of  the  Boston  Water  Board. 
The  following  are  some  of  the  conclusions  arrived  at:  When  water  is 
kept  entirely  in  the  dark  its  color  remains  unchanged.  The  nitrogen 
as  albuminoid  and  free  ammonia  is  reduced,  and  the  nitrites  and 
nitrates  increased  in  the  dark,  while  in  the  sunlight  the  albuminoid 
and  free  ammonia  and  nitrites  are  increased  and  the  nitrates  are 
reduced.  It  is  found  that  while  the  water  is  bleached  more  in  the 
summer  than  in  the  winter  in  ponds  and  lakes,  the  reduction  per 
100  hours  of  sunlight  is  practically  constant  for  all  seasons  of  the 
year.     The  reduction  in  color  varies  almost  directly  with  the  amount 


180  DISCUSSION    ON    DECOLORIZATION    OF   WATER. 

Mr.  FitzGerald.  of  color  present,  being  in  each  case  about  20%"  of  the  original  color. 
It  takes  about  500  hours'  exposure  of  bright  sunlight  to  remove  all 
the  color,  but  it  must  be  remembered  that  this  aj)plies  to  water 
entirely  exposed  in  large  bottles.  It  has  generally  been  found  in 
practice  that  water  should  be  stored  in  a  reservoir  for  nearly  two 
years  to  be  decolorized.  During  the  winter,  of  course,  when  the  sur- 
face is  frozen  over,  there  is  little  decolorization  of  the  water  by  sun- 
light. 

Although  a  reduction  in  color  is  accompanied  by  an  increase  in 
temperature,  it  has  been  found  that  heat  alone  will  not  reduce  the 
color;  neither  does  sedimentation  aid  in  the  process,  at  least  in  the 
case  of  Boston  waters.  To  determine  this  fact  samples  of  water  were 
exposed  in  glass  jars  having  discs  of  glass  arranged  in  a  series  of 
horizontal  layers  about  |  in.  apart.  Samples  were  also  exposed  in 
glass  tubes  4  ft.  long. 

It  does  not  seem  probable  that  the  bacteria  can  have  any  in- 
fluence in  the  reduction  of  color,  for  the  reason  that  organisms  and 
bacteria  died  out  in  the  samples  exposed  to  the  sunlight  as  well  as 
in  those  kept  in  the  dark.  In  the  case  of  water  kept  in  bottles  of 
different  colored  glass,  it  was  found  that  the  color  was  reduced  most 
in  the  white  and  blue  bottles,  being  about  the  same  in  both  cases, 
while  in  the  red  and  yellow  bottles  the  reduction  of  color  was  only 
about  half  as  great,  showing  that  the  blue  or  actinic  rays  ar«  the 
most  efficacious. 
Mr.  Duaham.  H.  F.  DuNHAM,  M.  Am.  Soc.  C.  E. — It  appears  from  this  discussion 
that  the  decolorization  of  water  is  almost  exclusively  a  bacterial 
IDrocess,  and  it  also  appears  that  it  may  be  effected  jDcrfectly  by  the 
ozone  process.  The  two  processes  have  apparently  little  in  common, 
and  the  subject  invites  further  consideration.  Slow  sand  filtration 
might  be  regarded  as  largely  a  bacterial  process,  as  it  is  usually 
introduced  where  water  contains  large  numbers  of  bacteria,  and  during 
some  stage  of  the  process  of  filtration  the  numbers  are  greatly 
increased;  further,  they  make  war  upon  each  other  until  the  effluent 
is  not  only  sterile  or  very  nearly  so,  but  in  such  condition,  with  respect 
to  substances  upon  which  bacteria  can  exist,  that  it  is  expected  in 
almost  every  instance  that  the  number  of  those  remaining  will  decrease 
rather  than  increase.  It  would  appear,  then,  that  if  bacteria  could 
decolorize  the  water,  the  ordinary  sand  filter  affords  an  excellent 
opportunity  to  secure  such  beneficial  action.  But,  as  a  matter  of  fact, 
the  color  and  vegetable  matter  are  not  usually  removed  to  so  great  an 
extent  by  the  use  of  a  sand  filter  as  they  are  by  some  of  the  processes 
incident  to  mechanical  filtration.  It  is  evident  that  the  removal  of 
color  is  accomplished  perfectly  in  the  changes  that  water  undergoes 
to  become  sjjring- water.  It  is  true  that  a  large  part  of  the  spring- 
water  throughout  the  country  has  its  direct  source  in  the  rainfall,  but 
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it  is  also  true,  as  iJroved  by  observations  upon  many  streams  during  Blr.  Dunham, 

times  of  high  water,  that   large  numbers  of  bacteria  are  washed  into 

the  streams  from  the  soil,  and  the  rain-water  after  coming  from  the 

clouds  must  in  many  instances  be  not  only  charged  with  sediment 

from  the  ground  and  with  color  from  decaying  leaves  and  vegetable 

matter,  but  it  also  has  a  fair  complement  of  bacteria  before  it  finds  its 

way  into  the  earth. 

It  is  known  that  few  bacteria  exist  below  a  depth  of  2  or  3  ft., 
which  is  not  greater  than  the  depth  of  material  in  many  of  the  sand 
filters  pommonly  in  use.  There  are  reasons  for  believing  that  the 
water  loses  a  considerable  amount  of  vegetable  matter  as  it  passes 
through  soil  which  does  not  contain  bacteria  in  any  considerable 
numbers.  Evidence  or  i)roof  of  this  may  be  cited  in  the  quality  of 
spring-water  and  in  the  microscopical  examination  of  fine  material 
taken  at  dejiths  of  many  feet  in  the  earth,  as  in  mines.  This  material 
has  been  found  to  consist  of  extremely  minute  particles  of  vegetable 
matter  which  have  been  identified  with  vegetable  substances  existing 
upon  the  surface.  Without  making  use  of  this  as  an  argument  to 
indicate  the  degree  of  improvement,  it  is  possible  that  such  consid- 
erations might  lead  to  the  suggestion  that  a  greater  dejath  of  filter  bed, 
which  would  not  add  greatly  to  the  cost  of  a  filter  plant,  might  be 
of  such  value  as  to  warrant  its  introduction  where  the  raw  water  was 
very  highly  colored. 

The  change  that  water  undergoes  when  in  a  large  body,  as  in  one 
of  our  great  lakes,  maybe  more  like  an  ozone  than  a  bacterial  process. 
In  going  out  from  shore  the  number  of  bacteria  usually  diminishes 
very  rapidly,  and  at  a  comj^aratively  short  distance  a  number,  generally 
recognized  as  normal,  may  be  expected,  but  from  facts  to  which  the 
speaker  has  had  access,  the  vegetable  matter  in  the  water  does  not 
diminish  in  like  ratio.  The  distant  or  middle  portion  of  such  a  body 
of  water,  when  compared  with  intermediate  points  near  the  shore,  wiU 
show  a  quite  regular  change  or  gradation  in  the  amount  of  vegetable 
matter.  Further  than  this,  as  shown  by  Rafter's  examinations  of 
Lake  Erie  water,  the  quantity  of  vegetable  matter  in  the  middle  of  the 
lake  increases  quite  rapidly  with  the  depth,  and  this  is  a  natural 
inference  if  we  attribute  the  reduction  in  amount  of  vegetable  matter 
to  the  action  of  the  atmosphere  upon  the  water,  although  at  certain 
seasons,  when  temperature  controls  the  vertical  movement  of  the 
water,  this  may  not  hold  true. 

It  would  seem,  then,  that  a  natural  process,  partially  bacterial  and 
increased  or  j^erfected  by  the  continued  movement  of  water  through 
the  soil,  effects  the  decolorization  of  water  on  land,  and  that  a  natural 
process,  something  like  the  ozone  process,  is  to  quite  a  degree  eflective 
without  great  assistance  from  bacteria  when  the  water  is  exposed  to 
the  atmosphere  in  a  considerable  body,  as  in  a  lake  or  large  reservoir. 
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WITH  DISCUSSION. 

Railroad  discrimination  may  be  divided  into  two  classes: 
The  first  is  that  which  consists  of  special  rates,  drawbacks  and 
secret  agreements,  giving  to  certain  shippers  advantage  over  others. 
This  is  illegal.  It  is  injurious  to  trade  at  large;  it  aids  the  strong 
against  the  weak,  creates  conditions  hostile  to  proper  development  of 
commerce,  and  repudiates  the  duty  of  uniform  service  which  the 
railroads  owe  to  the  people;  but  it  is  not  necessarily  or  usually  dis- 
crimination against  a  locality.  It  accompanies  free  competition 
among  the  roads,  and  in  the  end  leaves  each  locality  with  the  benefit 
of  its  natural  and  acquired  advantages. 

The  second  class  of  discrimination  consists  of  difierences  in  pub- 
lished rates,  made  for  the  purpose  of  influencing  the  direction  of 
traffic,  and  so  favoring  or  mjiiring  localities.  This  is  not  necessarily 
illegal 

*  The  statements  contained  in  this  paper  apply  to  differentials  up  to  the  early  part 
of  the  year  1900. 
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As  was  said  l\y  the  Interstate  Commerce  Commission,  in  Produce 
Exchaut:^3  vs.  The  Baltimore  and  Ohio  "Railroad  Company: 

"  Eailway  companies  are  not  prohibited  by  the  third  section  from 
preferring  one  locality  to  another,  unless  the  preference  amounts  to 
an  undue  or  unreasonable  one.  *  *  *  Railway  competition  may, 
therefore,  excuse  the  giving  of  a  preference  to  a  particular  locality  or 
a  particular  commodity,  provided  the  interests  of  the  jDublic  are  not 
unduly  sacrificed  to  those  of  the  carrier." 

We  must  accept  the  proposition,  therefore,  that  a  discrimination 
against  a  locality  in  the  interests  of  a  carrier  is  not  necessarily  unlaw- 
ful.    It  is  of  such  discrimination  that  this  paper  treats. 

On  April  5th,  1877,  an  agreement  was  signed  by  William  H. 
Vanderbilt,  H.  J.  Jewett,  Thomas  A.  Scott  and  John  W.  Garrett, 
representing  the  New  York  Central,  the  Erie,  the  Pennsylvania,  and 
the  Baltimore  and  Ohio  railroad  companies.  This  agreement  estab- 
lished a  system  of  differential  freight  rates  governing  all  traffic,  both 
east-bound  and  west-bound,  moving  by  rail  between  the  cities  on 
the  Atlantic  seaboard  and  a  territory  bounded  on  the  south  by  the 
Ohio  River,  on  the  west  by  the  Mississippi,  and  on  the  east  by  an 
imaginary  line  drawn  through  Toronto,  Buffalo,  Pittsburg  and 
Parkersburg.  All  traffic  destined  to  or  originating  in  territory  -west  of 
the  Mississippi  was  also  subject  to  this  agreement,  and  it  has  since 
been  extended  to  other  trunk  lines  and  to  seaports  like  Newport  News 
and  Norfolk,  which  have  since  become  important.  This  system  of 
differentials  has  continued,  with  some  modifications,  substantially 
unchanged  until  to  day.  It  governs  the  rates  on  all  classes  of  freight 
and  commodities,  and  regulates  the  movement  of  all  grain  and  grain 
products  of  the  United 'States,  except  those  moving  to  the  Gulf  ports 
or  the  Pacific  Coast. 

In  determining  the  freight  rates,  the  New  York-Chicago  rate  is 
taken  as  the  basis,  because  those  points  are  the  most  important 
shipi)ing  centers,  and  the  rate  between  them  is,  during  the  period  of 
ojien  navigation,  in  direct  competition  with  the  lake  and  canal  route. 
The  rates  between  New  York  and  all  other  points  in  the  territory  are 
agreed  percentages  of  the  New  York-Chicago  rate.  For  instance,  the 
rate  from  New  York  to  Detroit  is  7S%  of  the  New  York-Chicago  rate; 
to  Indianapolis,  93%;  to  Cincinnati,  87%;  to  Erie,  60%;  to  St.  Louis, 
116%,  and  so  on.  To  determine  the  rate  between  such  points  and  the 
other  seaports  on  east-bound  freight,  2  cents  per  hundredweight  is 
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deducted  from  the  New  York  rate  to  fiud  that  to  Philadelphia,  and  3 
cents  to  find  the  rate  to  Baltimore,  Norfolk  and  Newport  News.  On 
east-bound  traffic  for  export,  Boston  takes  the  New  York  rate.  On 
west-bound  traffic  the  differential  is  the  same  as  upon  the  east-bound 
on  lower  classes  of  freight,  and  greater  on  higher  classes.  In  this 
manner,  rates  from  every  point  in  that  territory  to  every  point  on  the 
seaboard  are  constructed  by  the  use  of  these  percentages  and  differen- 
tials, and  vary  as  the  basic  rate  from  New  York  to  Chicago  varies. 

As  was  said  by  Commissioner  Fink  in  his  report  dated  December 
1st,  1881: 

"The  agreement  of  April  5th,  1877,  was  made  with  the  view  of 
eqxaalizing  the  aggregate  cost  of  rail  and  ocean  transportation  between 
the  competing  points  in  the  West  and  all  foreign  and  domestic  points 
reached  through  Baltimore,  Philadelphia  and  New^  York." 

This  is  a  confession  that  the  object  of  the  agreement  was  to  give  to 
the  other  ports  and  the  railroads  leading  thereto  such  advantages  in 
freight  rates  as  would  neutralize  all  the  natural  and  acquired  advan- 
tages of  New  York,  and  put  all  the  ports  on  a  competitive  equality  as 
to  traffic  for  export.  This  confessed  purpose  of  the  differential  fell 
short  of  the  truth,  for  they  have  always  been  much  greater  than  the 
ruling  difference  in  ocean  freights,  and  have  given  to  other  ports 
advantages  which  have  enabled  them  to  compete  sticcessfully  with 
New  York  and  divert  a  considerable  amount  of  the  traffic  properly 
tributary  thereto. 

To  more  fully  carry  this  i^urpose  into  effect,  the  original  agreement 
of  April  1st,  1877,  provided : 

"  That  the  cost,  to  the  shipper,  of  delivering  grain  at  each  port  from 
the  terminus  of  each  of  the  roads  to  the  vessel  in  which  it  is  exported, 
as  well  as  the  number  of  days'  free  storage  thereon  allowed,  shall  be  the 
same  " 

As  the  whole  differential  system  is  based  on  a  variable  unit  always 
in  competition  with  the  lake  and  canal,  so  the  regulations  regarding 
elevator,  lighterage  and  transfer  charges  w^ere  devised  to  meet  water 
comjoetition.  The  great  ocean  steamers  in  New  Y'^ork  receive  their 
berth  freight  at  their  docks.  In  delivering  to  such  docks,  the  canal 
boat,  being  a  moving  storehouse,  has  the  advantage  of  the  railroad  with 
a  fixed  terminus.  The  railroads,  therefore,  provided  for  free  lighter- 
age, to  put  themselves  on  a  competitive  equality  with  the  canal.  They 
agreed  with  the  Floating  Elevator  Company  that  the  same  transfer 
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charge  should  be  imposed  ou  caual  graius  as,  by  agreement  between 
themselves,  they  imposed  on  grain  carried  by  rail,  and  they  j^laeed  an 
arbitrary  prohibitive  charge  of  1  cent  a  bushel  on  grain  loaded  for 
export  at  their  own  elevators,  to  maintain  the  condition  of  equalized 
charges  in  order  that  the  differential  might  have  full  effect. 

Having  arranged  for  this  self-adjusting  system  of  rates  which 
created  a  jiractical  consolidation  of  all  the  trunk  lines  participating 
in  the  grain  trade  moving  to  the  Atlantic  seaboard,  and  having  estab- 
lished a  system  of  excessive  transfer  and  terminal  charges,  which,  as 
to  rail-carried  grain,  was  a  practical  addition  to  freight  charges,  the 
railroads  began  the  contest  for  the  carrying  trade  with  the  Lakes  and 
canal.  The  problem  before  them  was  a  difficult  one:  It  was  to  pre- 
serve to  the  railroads  having  theii*  termini  in  New  York  their  fair  i^er- 
centage  of  the  traffic,  and  at  the  same  time  to  divert  to  the  roads 
tributary  to  Boston,  Philadelphia,  Baltimore,  and  afterward  Norfolk 
and  Newjiort  News,  such  an  amount  of  freight  as  would  satisfy  their 
claims.  This  purpose  was  the  advancement  of  railroad  interests  alone, 
without  regard  to  the  rights  or  interests  of  the  competitive  localities. 
As  New  York  controlled  the  trade,  this  scheme  could  only  be  carried 
out  at  the  expense  of  the  trade  of  New  York,  and  by  the  limitation  or 
destruction  of  the  traffic  by  lake  and  canal. 

In  the  contest  with  the  Lakes,  the  railroads,  although  unable  to 
compete  in-the  rate  per  ton  per  mile,  had  some  powerful  weapons.  All 
grain  moving  down  the  Great  Lakes  is  brought  to  the  Lake  jjorts  from 
the  interior  by  rail.  When  grain  is  once  loaded  into  cars,  its  tendency 
is  to  remain  there  until  it  reaches  its  ultimate  destination.  By  high 
local  rates  to  the  Lake  ports  and  low  through  rates  to  the  seaboard,  the 
railroads  attempted  to  prevent  the  transfer  of  the  grain  from  their  care 
to  the  Lake  carriers. 

According  to  the  testimony  of  Mr.  Hayes  in  1874,  before  a  select 
committee  ou  transportation  routes  to  the  seaboard,  the  through  rail 
rate  to  New  York  from  points  of  origin  in  the  corn  and  wheat  belt, was 
1^  cents  Tper  ton-mile,  while  the  rate  to  Chicago  from  the  same  jjoint 
was  from  2.1  to  2.3  cents  per  ton-mile. 

In  1872  the  railroads  had  practical  control  of  all  the  territory  in 
Illinois  and  Indiana  within  60  miles  of  Lake  Michigan,  and,  by  dis- 
crimination against  the  Lake  ports, were  pressing  forward  their  sphere 
of  influence.     For  some  time  the  railroads  seemed  to  be  succeeding  in 
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their  contest  witli  tbe  Lakes,  but  since  the  early  eighties  the  natural 
superiority  of  the  waterways  has  asserted  itself. 

In  1881  the  railroads  had  secured  94%'  of  the  flour  traflSc  from 
Chicago,  as  against  4:%  carried  on  the  Lakes. 

In  1882  the  shares  of  the  railroads  fell  to  79% 
"    1886     "  "       "     "  "  "    "  62% 

"   1889     "  "       "     "  "  "    "  48"^ 

From  that  time  the  percentage  has  not  substantially  fallen  off; 
while  in  one  year — 1898 — it  materially  increased. 

In  1874  the  railroads  carried  37%"  of  the  wheat  from  Chicago;  and 
the  Lakes,  63  per  cent. 

In  1878  the  railroads  secured 44% 

"  1879    "         "  "         41% 

"  1897  their  percentage  fell  to 32% 

In  1885  the  railroads  carried  80%"  of  the  oats  from  Chicago,  as 
compared  with  20%  by  Lake. 

The  percentage  of  the  railroads  has  fallen  until  1897,  when  they 
secured  only  52  per  cent. 

These  are  statistics  of  the  Chicago  trade  where  the  conditions  favor 
the  railroads;  the  actual  increase  of  Lake  transportation  of  wheat  and 
flour  has  been  greater,  as  the  flouring  industries  in  northern  towns 
have  developed,  and  the  wheat  belt  tiibiitary  to  the  Lakes  has  shifted 
northward  toward  Minnesota  and  the  Dakotas. 

As  the  corn  belt  is  further  south,  the  railroads  have  been  more  suc- 
cessful in  maintaining  their  share  of  the  through  corn  traffic. 

Statistics  demonstrate  the  growing  sujiremacy  of  the  Lake  trafiic: 
In  1885  the  record  of  entrances  and  clearances  at  the  United  States 
ports  on  the  Lakes  showed  a  traffic  of  upwards  of  19  000  009  tons;  by 
1890  this  had  reached  37  500  000  tons,  and  by  1896  the  total  traffic  was 
52  000  000  tons.  According  to  the  report  of  the  Eoosevelt  Commission 
on  canals,  fO  000  000  tons  will  not  over-estimate  the  freight  traffic  on 
the  Lakes  in  1898,  or  a  ton-mileage  of  42  000  000  000  for  the  year  1898, 
exceeding  the  total  ton-mileage  of  railroads  in  the  district  from  the 
Missouri  River  east  to  Buffalo  and  Pittsburg.  The  greater  part  of  this 
traffic  is  in  the  coarser  products,  and  the  natural  destination  of  the  east- 
bound  traffic  is  the  Port  of  Buffalo,  and  the  natural  outlet  the  Erie 
Canal. 
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The  success  of  the  Lakes  in  this  struggle  shifted  the  point  of  battle 
between  the  railroads  and  the  waterways  from  Chicago  to  Buffalo.  As 
was  said  in  the  "Monograph  on  the  Grain  Trade,"  issued  by  the 
Treasiiry  Department,  in  January,  1900: 

"  While  the  Port  of  Buffalo  is  receiving  ever-increasing  quantities 
of  grain,  and  while  canal  freights  have  been  reduced,  tolls  abolished, 
and  elevating  and  storage  charges  not  only  lessened,  but  in  some  cases 
temporarily  abolished  (the  elevating  being  done  gratis),  the  canal  is 
becoming  less  important,  while  the  Lakes  are  maintaining  their  own, 
and  even  regaining  their  old  supremacy.  The  break  in  the  chain  of 
water  communication,  however,  is  not  in  the  West,  but  at  the  point 
where  lake  and  canal  meet  at  Buffalo." 

To  meet  the  changing  conditions  caused  by  the  reviving  commerce 
on  the  Lakes  and  prevent  the  commerce  seeking  an  outlet  down  the 
canal,  the  railroad  companies,  in  1895  and  1896,  imposed  a  differential, 
first  of  h  cent  and  then  1  cent  a  bushel  upon  ex-lake  grain,  in  favor  of 
Philadelj)hia  and  Baltimore,  and  against  New  York.  As  the  Buffalo- 
New  York  rate  was  made  in  competition  with  the  canal,  that  to 
Philadelphia  and  Baltimore  was  amply  effective  to  produce  the  diver- 
sion. This  is  a  discrimination,  not  only  against  the  Port  of  New  York 
in  favor  of  Philadelphia  and  Baltimore,  but  against  Buffalo  in  favor 
of  Erie  and  Fairport. 

The  whole  differential  system,  including  the  all-rail  differential, 
the  lake  and  rail  differential,  and  the  maintenance  of  excessive  transfer, 
elevator  and  storage  charges,  had,  as  has  been  seen,  two  objects: 

First. — Solidifying  all  railroads  in  their  competition  against  the 
waterways,  natural  and  artificial. 

Second. — Diverting  to  other  jilaces  trade  properly  tributary  to  New 
York,  and  so  distributing  the  traffic  as  to  satisfy  competing  roads. 

In  their  first  purpose  they  have  largely  failed  in  their  struggle 
with  the  Lakes;  but  they  are  succeeding  better  against  the  canal. 

What  has  been  the  effect  of  these  discriminating  differentials  uiion 
the  trade  of  New  York? 

En  the  early  seventies,  New  York  controlled  between  70  and  SO^'q 
of  the  export  trade  passing  through  the  six  ports  of  Boston,  New  York, 
Philadelphia,  Baltimore,  Norfolk  and  Newport  News,  and  an  even 
larger  percentage  of  the  import  trade.  It  had  many  advantages 
which  had  enabled  it  to  secure  and  retain  this  trade.  The  Erie 
Canal  was  then  bringing  to  the  Port   of    New  York   as    much    grain 
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and  flour  as  all  tlie  railroads  combined,  and  it  was  bringing  about 
one-thii'd  of  all  the  grain  which  was  received  at  all  the  six  Atlantic 
seaports.  Foreign  trade  had  been  firmly  established  by  many  and 
well- recognized  lines  of  ocean  steamers  which  resulted  in  favorable 
ocean  freight  rates.  Conservatism  and  the  force  of  habit  in  trade 
favored  that  port,  storage  facilities  permitted  almost  unlimited 
receij)ts,  and,  lastly,  the  freight  rates  themselves  were  so  much  higher 
than  at  present  that  the  relative  burden  of  the  differentials  was  much 
less.  For  the  four  years  j)receding  the  differential  agreement,  namely, 
1873,  1874,  1875  and  1876,  there  was  received  at  New  York  57.2%  of 
all  the  wheat,  flour  and  grain  received  at  the  six  Atlantic  seajjorts. 
During  the  last  four  years  the  receipts  have  fallen  to  36.9  per  cent. 
During  the  four  years  preceding  the  differential  agreement.  New  York 
had  67.4%  of  all  the  expoi-ts  of  such  j)roducts  passing  through  these 
six  ports.  During  the  last  four  years  New  York's  percentage  has  fallen 
to  34  per  cent.  This  is  a  decrease  in  the  joercentage  of  receijits  at  New 
York  of  35.6%,  and  a  decrease  in  the  exports  of  nearly  50  per  cent.  This 
decrease  in  the  percentage  of  the  traffic  passing  through  the  Port  of  New 
York  has  been  continuous  and  progressive.  Year  by  year  the  ports, 
especially  those  to  the  south,  which  have  the  larger  differential,  have 
encroached  upon  the  trade  of  New  York.  For  many  years  the  conservative 
tendencies  held  a  large  portion  of  the  trade  of  New  York,  but  with  the 
elimination  of  the  canals,  with  the  increasing  facilities  for  handling  the 
traffic  at  other  ports,  with  the  construction  of  new  roads  which  are  natur- 
ally tributary  to  other  poi-ts,  with  the  cheapening  of  the  price  of  bread- 
stuffs  and  the  decrease  in  freight  rates,  the  diversion  of  traffic  has  grown 
from  year  to  year  more  serious.  It  was  felt  first  in  coarser  materials, 
especially  in  grain  and  grain  products,  but  is  beginning  to  be  followed 
by  the  diversion  of  trade  in  other  commodities  and  by  decrease  in 
imports. 

This  is  not  a  question  affecting  the  Poi-t  of  New  York  alone;  this 
traffic  is  diverted  from  the  State.  As  has  been  pointed  out,  the  system 
of  differentials  which  affects  grain  moving  from  the  Lake  ports  by  rail 
to  the  Atlantic  Coast  is  aimed  directly  at  the  trade  of  Buffalo  in  favor 
of  Erie  for  the  Philadelphia  trade,  and  FairjDort  for  the  Baltimore 
trade;  neither  are  interior  points  like  Rochester  and  Syracuse  unaf- 
fected. The  rail  rates  on  coarser  freights  from  Syracuse  and  Rochester 
to  the  seaboard  are  the  same  as  from  Buffalo.     This  subjects  such 
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fieiglit  to  the  infiiience  of  the  ex-]ake  differential,  and,  inactically,  as 
far  as  freight  rates  upon  this  class  of  products  are  concerned,  brings 
Dalnth  within  1  cent  a  bushel  as  near  Philadeliahia  and  Baltimore  as 
Syracuse  is  to  New  York. 

Is  there  any  remedy,  and,  if  so,  what? 

For  twenty-three  years  the  merchants  of  New  York  have  teen  at- 
tempting to  obtain  relief  by  application  to  the  railroad  companies,  but 
without  success.  During  all  this  time  the  question  has  been  agitated 
in  every  manner  possible ;  every  effort  has  been  made  to  obtain  relief, 
and  the  result  has  been  failure.  After  the  establishment  of  the  Inter- 
state Commerce  Commission,  it  was  hoped  that  relief  might  be  had  on 
the  theory  that  the  differentials  were  an  undue  and  unreasonable  preju- 
dice and  disadvantage  to  the  "  locality  "  of  New  York  in  favor  of  other 
competing  localities.  Proceedings  seeking  relief  were  instituted  by 
the  New  York  Produce  Exchange,  but  they  resulted  only  in  obtaining 
a  judgment  that  the  differentials  were  not  illegal.  After  this  failure, 
strenuous  efforts  were  made  in  the  direction  of  decreasing  terminal 
charges,  storage  charges  and  inspection  fees,  but  these  resulted  in 
nothing  permanent. 

The  remedy  is  not  with  the  railroads.  There  were  times  when  the 
New  Y'ork  Central  and  Erie,  which  were  distinctively  New  York  roads, 
were  hostile  to  the  differentials.  On  June  3d,  1880,  the  New  York 
Central  road  withdrew  from  the  differential  agreement,  claiming  that 
it  was  unjust  to  the  Port  of  New  York.  A  war  of  rates  immediately 
followed,  and  lasted  until  the  Report  of  the  Advisory  Commission,  on 
July  20th,  1882,  recommending  the  continuance  of  the  differential. 
The  rate  war  whipped  the  New  York  Central  back  into  line,  and  forced 
its  acquiescence  in  the  differential  system.  Since  that  time  an  era  of 
consolidation  of  railroad  intei-ests  has  arisen,  and  it  is  impossible  to 
say,  with  any  assurance,  that  the  success  of  any  railroad  system 
depends  on  the  i^rosperity  of  any  single  port.  The  motive  which  once 
was  powerful  enough  to  induce  the  New  York  roads  to  brave  a  rate  war 
in  the  interests  of  the  commerce  of  New  York  is  gone,  or  has  become 
very  much  weakened.  If,  before  the  time  of  railroad  consolidation, 
the  New  York  roads,  then  interested  solely  in  New  York  commerce, 
relatively  stronger  than  at  present,  with  less  competition  from  the 
southerly  roads,  were  unable  to  effect  the  abrogation  of  the  differential, 
what  possibility  is  there  that  such  result  can  be  now  reached? 
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There  are  also  substantial  reasons  for  the  apathy  of  the  New  York 
roads  in  their  efforts  to  protect  New  York  commerce.  Since  1873  the 
excess  in  receipts  of  wheat,  corn  and  flour  over  exports  at  the  Port  of 
New  York  was  707  218  133  bushels;  this  seems  to  represent  the  domestic 
consumption.  The  diflferential  at  2  cents  a  hundredweight  upon  this 
amounts  to  about  $8  000  000.  The  diflferentialat  3  cents  a  hundredweight 
is  $12  000  000,  or  upwards  of  $444  000  a  year.  If  all  this  produce  w^ere 
brought  to  New  York  by  rail,  under  freight  rates  governed  by  the  now- 
existing  difierential,  the  city  would  pay  in  increased  freight  over  the 
Baltimore  rate  upon  the  wheat,  flour  and  corn  there  consumed  each 
year,  an  amount  which  about  equals  the  annual  expenditure  for  the 
maintenance  and  o^Deration  of  the  Erie  Canal,  which  has  averaged,  for 
the  ten  years  preceding  1899,  about  $445  000  per  year.  The  total  re- 
ceipts of  wheat,  corn  and  flour  at  New  York  since  1872  have  been 
1  589  448  207  bushels.  The  2-cent  differential  on  this  has  amounted 
to  about  $18  000  000;  the  amount  of  the  3-cent  difierential  is  about 
$27  000  000;  or,  an  average  of  upwards  of  $1  OOO  000  per  year.  That 
portion  of  this  freight  which  has  been  carried  upon  the  Erie  Canal  was 
not,  however,  subject  to  this  tax.  Although,  in  the  year  1899,  less 
than  one-tenth  of  the  receipts  of  wheat,  flour  and  corn  at  the  Port  of 
New  York  came  by  canal,  yet,  during  the  whole  period  from  1872, 
about  one-third  of  the  receipts  were  by  canal.  This  portion  of  the 
traffic  was  not  subject  to  the  diff'erential,  and  the  total  burden  upon  the 
Port  of  New  York,  through  the  operation  of  the  difierential  on  east- 
bound  wheat,  corn  and  flour  alone,  since  1872,  has  been,  therefore, 
about  $18  000  000,  or  upwards  of  $666  000  yearly.  This  is  a  tax  which 
has  been  paid  to  the  roads  carrying  to  New  York  City,  for  the  purpose 
of  inducing  them  to  consent  to  the  diversion  of  the  trade  to  the  more 
southerly  outports  by  the  operation  of  the  differential.  It  is  an  ingen- 
uous method  which  enables  the  New  York  roads  to  exact  from  New 
York  commerce  the  price  of  their  acquiescence  in  its  destruction. 
The  figures  here  given  represent  the  amount  of  the  differential  on 
wheat,  corn  and  flour  alone.  The  total  amount  of  the  differential 
upon  all  traffic,  both  east-bound  and  west-bound,  through  the  Port  of 
New  York  is  immensely  greater.* 

It  is  also  a  significant  fact  that  this  decrease  has  not  been   at  the 

expense  of  the  railroads.     The  amount  of  wheat,   corn  and  flour  re- 

*  On  3  816  064  tons  of  flour,  grain  and  provisions  reaching  New  York  in  1896  by  rail, 
the  3-cent  differential  amounted  to  $8  289  638. 
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ceived  at  New  York  by  rail  during  the  four  years  preceding  the  differ- 
ential agreement,  viz.,  1873,  1874,  1875  and  1876,  was  'SO.2%  of  tlie  total 
receipts  at  the  six  Atlantic  seaports,  and  during  the  last  four  years 
1896,  1897,  189S  and  1899,  it  had  increased  to  32.5  per  cent.  The  per- 
centage of  grain  carried  by  rail  to  the  Port  of  New  York  has  been 
almost  a  constant  factor  for  the  last  twenty-seven  years.  The  railroads, 
notwithstanding  the  differential,  have  maintained,  not  only  the  abso- 
lute amount  of  traffic  carried,  but  have  secured  their  percentage  of 
the  increase.  All  the  loss  of  this  traffic  to  the  Port  of  New  York  is 
represented  in  the  loss  of  the  canal-carrying  trade.  The  differentials 
have  been  ijoteutial  in  giving  to  the  other  ports  that  portion  of  the 
grain  trade  which  used  to  be  carried  by  the  Erie  Canal.  In  1893  the 
receipts  at  New  York  were  61A%'oi  the  total  amount  of  the  receipts 
at  the  sis  Atlantic  seaports;  of  this  the  canal  carried  over  one-half, 
or  32.6^*0^,  and  the  railroads  28.8%.  In  1899  the  receipts  at  New  York 
had  fallen  to  36.2/^,,',  of  which  the  canal  carried  only  '3^^,  the  railroads 
actually  increasing  their  iiercentalge  to  33.2. 

It  is  found,  then,  that  the  railroad  companies  have  no  motive  for 
protecting,  or  power  to  protect,  the  commerce  of  New  Y'ork  against 
the  inroads  made  by  the  differential  system  in  favor  of  other  ports; 
that  existing  conditions  do  not  permit  an  abrogation  of  this  discrim- 
ination by  the  railroads  themselves,  and  that  practical  experience  for 
twenty-seven  years  proves  that  it  is  impossible  to  anticij^ate  any  helj} 
from  legislative  bodies  or  judicial  tribunals.  The  differentials  may  at 
some  time  be  vohantarily  abolished  by  the  railroad  companies.  They 
have  been  during  the  last  year  decreased  upon  grain  intended  for  ex- 
port; but,  if  abolished  by  the  railroads,  it  will  be  when  they  have 
served  their  full  purpose,  when  the  canal  has  been  entirely  eliminated 
as  a  factor,  when  the  other  ports  have  established  direct  relations 
with  foreign  ports  by  their  lines  of  steamshij^s,  and  by  this  means 
secured  favorable  ocean  berth  rates,  and  when  their  harbor  accommo- 
dations and  facilities  for  handling  products  have  been  improved  so 
that  they  can  hold  their  own  against  the  Port  of  New  York,  when 
what  the  Baltimore  and  Ohio,  the  Pennsylvania,  the  Chesapeake  and 
Ohio,  and  the  Norfolk  and  Western  are  pleased  to  consider  their  fair 
proportion  of  the  traffic  has  been  permanently  secured  to  them  and 
can  be  maintained  without  the  aid  of  the  differentials,  then  the  rail- 
road companies  may  voluntarily  abolish  them,  but  it  will  not  be  before 
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that  time.  If  any  relief  is  expected,  it  must  be  sought  in  another 
direction.  Nor  will  palliatives  like  diminution  of  port  charges, 
cheaper  docking  facilities,  reduction  of  elevator  charges,  or  abolition 
of  lighterage,  permanently  j^rovide  relief.  These  reforms  are  useful  and 
necessary,  but  not  sufficient,  for  they  will  be, met  with  a  i:)roportionate 
decrease  in  other  ports,  leaving  the  influence  of  the  differentials  intact. 

But  there  does  exist  within  the  power  of  the  people  of  New  York  a 
remedy  which  is  sure  and  eflfective.  There  is  a  transportation  agency 
which  never  can  be  interested  in  any  termini  except  New  York  or 
Buffalo,  nor  in  any  interior  cities,  except  such  as  Rochester,  Syracuse, 
Utica  and  Albany.  This  agency  can  never  make  agreements  with 
railroads  to  divert  traffic  to  any  other  ports.  It  can  be  a  party  to  no 
scheme  of  imposing  and  maintaining  arbitrary  charges  for  lighterage 
or  elevators.  It  can  serve  only  the  people  of  New  York,  and  it  can 
restore  to  New  Y'ork  in  a  decade  the  trade  which  has  been  laboriously 
and  steadily  diverted  by  the  railroad  companies.  This  agency  is  an 
improved  and  enlarged  navigable  waterway  from  Lake  Erie  to  the 
Hudson  River.  If  such  a  waterway  were  built,  and  if  it  secured  a 
reasonable  jDroportion  of  the  traffic  which  is  properly  and  naturally 
tributary  to  New  York,  self-interest  in  the  railroads  leading  to  New 
York  could  be  relied  upon  to  continue  to  secure  their  own  percentage 
as  against  roads  leading  to  other  points,  in  addition  to  that  carried  by 
the  canal. 

In  proceedings  taken  by  the  New  York  Produce  Exchange,  against  the 
railroad  companies,  before  the  Interstate  Commerce  Commission,  seek- 
ing the  abrogation  of  the  diflferentials,  Mr.  George  R.  Blanchard,  Com- 
missioner of  the  Joint  Traffic  Association,  was  placed  upon  the  stand,  and 
testified  that  in  the  year  1896  the  business  by  canal  was  apj)roximately 
6/0  of  the  total  receipts  of  wheat,  corn  and  flour  at  the  six  Atlantic 
seaports,  and  17j^  of  the  total  receipts  at  New  York;  "that  one-half  of 
that  proportion  or  less  might,  and  probably  would,  determine  the  rail 
rates  from  Bufi'alo  to  New  York  and  incidentally  from  all  lake  jjorts  to 
all  seaport  cities."  Such,  in  the  estimation  of  railroad  men,  is  the 
present  jDower  of  the  antiquated,  neglected  and  obsolete  waterway,  a 
power,  the  exercise  of  which  is  of  infinite  value  to  the  peoj)le,  and  is 
even  now  the  flaming  sword  in  the  path  of  railroad  monopoly.  In 
view  of  this  it  is  childish  to  figure  upon  the  cost  of  moving  the  3  000  000 
or  4  000  000  tons  of  freight  actually  carried  by  the  Erie  Canal.     It  is  a 
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limited  vision  which  can  see  no  other  use  of  the  canal.  As  important 
as  this  may  be,  the  indirect  influence  of  the  canal  is  much  greater. 
Antiquated  and  ineffective  as  are  the  present  canal  methods,  represent- 
ing conditions  of  nearly  eighty  years  ago,  with  boats  carrying  320  tons, 
with  the  waterway  insuflBcient  even  for  them,  with  its  mule  power, 
pike  poles  and  snubbing  posts,  full  of  eel  grass,  crawling  along  the 
hill-sides,  the  Erie  Canal  is  to-day  a  regulator  of  freight  rates,  and  sets 
a  limit  upon  railroad  exaction,  not  only  for  the  State  of  New  York,  but 
for  all  the  grain  which  is  grown  in  the  United  States,  whether  it  finds 
its  outlet  at  the  Atlantic  seaports,  at  the  Gulf  ports,  or  possibly  at 
the  Pacific  seaports. 

In  the  report  of  the  Canal  Auditors  of  1883,  there  is  the  following: 

"  It  is  nearly  sixty  years  since  the  Erie  Canal  was  comjaleted  and 
opened  for  navigation  between  Lake  Erie  and  the  Hudson  River,  and 
all  the  primitive  devices  for  operating  it  are  still  employed.  When  we 
reflect  that  the  whole  system  of  operating  the  locks  and  moving  the 
boats  has  undergone  no  change,  it  is  not  siirprising  that  the  canals 
have  become  the  subject  of  ridicule.  The  fact  that  the  canals  continue- 
to  be  employed  under  such  conditions  is  a  strong  jjroof  that  to  a  certain 
extent  they  are  a  necessity." 

That  was  written  seventeen  years  ago,  and  the  present  writer  knows 
of  no  substantial  improvement  since. 

If  the  present  "  ditch,"  so-called  by  its  enemies,  if  this  "  hindrance 
to  commercial  prosperity,"  to  use  the  heading  of  a  paper  read  before  the 
State  Commerce  Convention  at  Utica  in  1899,  has  such  a  power  to-day, 
what  limit  could  be  put  upon  the  power  of  a  canal  such  as  is  recom- 
mended by  the  Canal  Commission  of  Governor  Roosevelt,  to  vitalize 
and  develop  commerce  and,  incidentally,  manufacturing  industries? 

Such  a  canal  would  be  an  effective  remedy  for  railroad  discrimina- 
tions. 

First. — It  would  reduce  freight  rates  so  low  that  a  differential  would 
be  impossible.  The  most  that  the  most  sanguine  and  irresponsible 
advocate  of  railroad  as  against  canal  transportation  has  claimed  is  that 
it  is  possible  for  railroads  to  compete  with  the  canal  According  to 
the  United  States  Bureau  of  Statistics,  the  rate  per  ton-mile  on  the 
New  York  Central  is  6. 76  mills ;  on  the  Erie,  6.09  mills;  on  the  Balti- 
more and  Ohio,  5.29  mills;  on  the  Pennsylvania,  5.61  mills;  on  the 
Lake  Shore,  5.38  mills;  on  the  Chesapeake,  4.19 mills;  and  on  the  Nor- 
folk and  Western,  4.46  mills.     The  writer  has  examined  the  statistics  of 
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upwards  of  a  litindred  roads  and  finds  none  lower.  Grain  lias  been 
carried  at  lower  rates,  and,  especially  from  the  Lakes  to  the  seaboard 
during  canal  seasons,  rates  have  been  made  as  low  as  2.50  mills  per 
ton-mile;  but  these  are  rates  created  by  canal  competition,  and  it  has 
never  been  claimed  that  they  are  profitable  to  the  railroads,  except  to 
aid  in  the  destruction  of  the  canal.  These  low  rates  granted  from 
Buffalo  to  New  York  are  Grecian  gifts  like  free  elevating  of  canal  grain 
by  railroad  elevators  done  to  drive  canal  elevators  out  of  bu.siness.  But 
even  for  the  sake  of  argument  concede  the  possibility  of  railroad  com- 
petition with  a  rate  of  0.52  mill  per  ton-mile,  it  is  obvious  that  no 
differential  could  be  placed  under  this.  A  sufficient  reduction  of  canal 
freights  means  the  end  of  the  differential  discrimination  against  New 
York  commerce;  with  such  a  canal  a  freight  war  would  not  follow  an 
abrogation  of  the  differential,  esiaecially  in  coarser  freight;  for  the 
futility  of  such  a  rate  war  would  be  obvious  to  all,  and  even  railroad 
companies  do  not  commit  suicide.  The  roads  carrying  to  New  York 
in  competition  with  such  a  canal  would  be  obliged  to  demand  and  not 
accord  differentials,  and  the  commerce  of  the  great  Northwest  would 
once  more  flow  to  and  fro  through  its  natural  channel,  the  gap  through 
the  Appalachian  Chain,  along  the  course  of  the  Erie  Canal  and  through 
the  Hudson  Eiver,  and  every  city,  every  village  and  every  county  along 
its  course  would  be  enriched  by  the  stream  of  commerce  as  it  flowed. 

Second. — It  would  put  an  end  to  exorbitant  transfer  charges  which 
have  been  established  by  the  railroad  elevator  combination.  If  the  grain 
which  arrives  in  Buffalo,  together  with  that  which  would  be  attracted 
there  by  the  abolition  of  the  differential,  should  find  an  outlet  down 
the  new  enlarged  canal,  it  would  burst  through  any  attempted  system 
of  extortion  by  transfer  charges,  elevating,  storage  or  inspection,  as 
surely  as  a  mountain  torrent  will  burst  through  a  dam  of  bulriishes. 

The  railroads  cannot  afford  us  a  remedy.  They  are  powerless  before 
their  competitors,  and  have  to  agree  with  them,  by  the  way.  The 
reported  talk  of  a  railroad  president  about  carrying  grain  from 
Buffalo  to  New  York  free,  were  he  given  the  price  of  canal  enlarge- 
ment, is  idle.  If  it  were  possible,  and  he  were  willing  to  do  so,  it 
would  not  be  permitted  by  competing  roads.  Legislation  is  futile 
before  the  development  of  trade  under  natural  laws.  The  only 
remedy  is  to  create  such  conditions  that  the  natural  operation  of  the 
laws  of  trade  prohibit  the  discrimination. 


DISCUSSION  ON  RAILEOAD  FREIGHT  DIFFERENTIALS.  195 

DISCUSSION. 


H.  S.  Haines,  Vice-President,  Am.  Soc.  C.  E. — This  jjaper  does  not  Mr 
treat  the  subject  of  railroad  ditferentials  as  an  engineering  question. 
It  is  an  examination  into  railroad  rates  on  grain  for  export,  as  affect- 
ing the  commercial  interests  of  New  York  City  against  other  North 
Atlantic  ports,  and  is  only  capable  of  discussion  from  this  jjoint  of 
view. 

The  author  enters  upon  his  argument  with  a  reference  to  the  New 
York-Chicago  rate  as  the  basis  for  a  sliding  scale  to  which  may  be 
referred  rates  by  the  trunk  lines  between  all  poijits  in  certain  ter- 
ritory and  North  Atlantic  ports.  Rates  from  the  same  territory  to 
South  Atlantic  and  Gulf  ports  are  also  virtually  referred  to  the 
same  basis,  and  rates  from  contiguous  territory  are  indirectly  gov- 
erned by  it.  Therefore,  ui^on  the  rates  from  Chicago  to  New  York, 
upon  Western  products,  are  based  the  rates  upon  the  same  commodi- 
ties from  the  entire  Mississippi  Valley  to  tide  water.  Every  fluctua- 
tion in  these  rates  affects  that  enormous  volume  of  traffic,  and  great 
interests,  involving  producers,  merchants  and  intervening  means  of 
distribution  and  transportation,  are  at  the  mercy  of  secret  differentials 
in  the  rail  rates  from  Chicago  to  New  York.  So  that,  in  disciissing 
railroad  differentials,  this  aspect  of  the  question  should  not  be 
obscured. 

So  far  as  this  sliding  scale  affects  export  traffic,  it  becomes  an 
element  in  making  joint  rail  and  ocean  rates  through  each  jjort 
l^artaking  of  the  traffic.  Therefore,  with  the  rail  rates  established 
on  any  defined  basis,  the  fluctuation  in  such  joint  rates  is  restricted 
to  the  ocean  rates.  Here,  free  play  is  given  to  the  efficient  operation 
of  the  advantages  which  each  competing  port  may  have  to  offer. 
The  purpose  of  the  sliding  scale  is  briefly  and  correctly  set  forth 
in  Commissioner  Fink's  report  of  December  1st,  1881,  viz.,  to  equalize 
the  aggregate  cost  of  rail  and  ocean  transportation.  Taking  a  broad 
view  of  the  subject,  covering  the  welfare  of  all  the  interests  involved, 
railroads,  ports  and  steamships,  this  ijurj^ose  is  to  conduct  the  export 
traffic  under  conditions  as  to  which  all  the  parties  interested  shall 
be  equally  well  informed.  It  is  not  just,  therefore,  to  the  parties  to 
the  agreement  to  say  that  its  purj^ose,  as  set  forth  by  Commissioner 
Fink,  fell  short  of  the  truth. 

The  author's  strictures  upon  it  are  two:  That  the  agreed  differen- 
tials have  always  been  much  greater  than  the  ruling  differences  in 
ocean  freights;  and  that  they  have  given  other  jjorts  advantages  which 
have  enabled  them  to  compete  successfully  with  New  York  and  to  divert 
a  considerable  amount  of  traffic  proj^ei-ly  tributary  thereto. 

His  flrst  jjoint,  that  the  agreed  differentials  have  alwavs  been  much 
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Mr.  Haines,  greater  than  the  ruling  difference  in  ocean  freights,  is  a  question  of 
fact.  That  fixed  rail  differentials  should  sometimes  vary  from  the 
difference  in  ocean  rates  respectively  prevailing  at  the  ports  is  unavoid- 
able, but  it  is  not  to  be  presumed  that  the  lines  terminating  in  New 
York  would  have  consented  that  they  should  always  have  been  greatly 
adverse  to  the  port  in  which  they  were  interested.  The  burden  is  con- 
sequently upon  the  author  to  prove  that  such  an  inequitable  difference 
has  always  existed. 

His  next  assertion,  that  the  differentials  have  given  to  other  ports 
advantages  which  have  enabled  them  to  compete  successfully  with 
New  York,  does  not  cloud  the  purpose  of  the  differentials  if  by  suc- 
cessfiil  competition  is  meant  an  equitable  competition.  The  purpose 
only  becomes  inequitable  to  the  Port  of  New  York  when  it  tends  to 
divert  from  that  port  an  undue  amount  of  the  traffic  subject  to  com- 
petition. This  the  author  assumes  to  have  been  the  concealed  purpose 
of  the  differential  agreement,  and  he  proceeds  to  establish  his  thesis 
by  stating  the  disadvantages  which  export  traffic  through  the  Port 
of  New  York  has  thereby  suffered.  He  criticizes  the  provision  that 
the  cost  of  transfer  from  car  to  ship,  including  free  storage,  shall 
be  equalized  as  between  the  terminal  jaorts.  As  a  general  propo- 
sition this  accords  with  the  purpose  of  the  agreement,  which  was, 
fundamentally,  to  limit  the  variations  in  the  joint  rail  and  ocean 
rate  to  that  element  which  was  controlled  by  ocean  carriers,  free  to 
load  at  any  port  where  business  offered.  But  the  writer  asserts  that 
this  provision  was  devised  to  meet  water  competition.  If  the  j^rovis- 
ion  were  equitable,  as  applied  to  ports  at  which  no  inland  water  com- 
petition existed,  why  should  it  become  inequitable  because  it  included 
a  port  at  which  such  competition  did  exist? 

Here  he  narrows  the  discussion  to  the  competition  of  the  rail  lines 
terminating  in  New  York  with  the  lake  and  canal  service,  a  local  com- 
petition which  could  not  militate  against  New  York  interests.  He  says 
that  the  canal-boats  had  the  best  of  the  railroads  in  making  dehveries, 
and  that  the  latter  endeavored  to  put  themselves  upon  an  equality 
with  the  former  by  providing  free  lighter  delivery.  How  was  this 
injurious  to  the  Port  of  New  York?  But  they  also  secured  an  equal 
elevator  charge  for  grain,  whether  by  rail  or  canal.  To  this  also  the 
author  objects,  although  he  refers  to  both  as  a  system  of  excessive 
transfer  and  terminal  charges  which  was  a  practical  addition  to  the 
rate  on  rail-carried  grain.  He  now  assumes  that  what  he  properly 
calls  a  self-adjusting  system  of  rates  created  a  practical  consolida- 
tion of  all  the  trunk  lines  participating  in  the  grain  trade  moving 
to  the  Atlantic  seaboard.  If  he  meant  to  imply,  by  the  expression 
"practical  consolidation,"  an  indifference  on  the  i^art  of  the  railroad 
managements  as  to  Ihe  route  by  which  export  grain  should  reach  the 
seaboard,  his  subsequent  argiiment  demolishes  the  assumi3tion.     For 
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te  proceeds  to  unfold  another  opinion  as  to  the  purpose  of  the  dif-  Mr.  Haines, 
ferential  agreement,  viz.,  that  it  was  intended  to  preserve  tcr  the  rail- 
roads having  their  termini  in  New  York,  their  fair  percentage  of  the 
traffic,  and  at  the  same  time  to  divert  to  the  roads  tributary  to  Boston, 
Philadelj^hia,  Baltimore,  and  afterward  to  Norfolk  and  Newport  News, 
such  an  amount  of  freight  as  would  satisfy  their  claims. 

The  twist  in  this  statement  is  in  the  use  of  the  word  "divert."  The 
agreement  was  really  intended  to  prevent  the  diversion  from  New  York 
to  the  other  jDorts,  by  secret  differentials,  of  a  very  large  part  of  the 
exjiort  grain  trade  which  New  York  had  hitherto  enjoyed,  but  which 
ihat  port  no  longer  controlled.  The  world  had  moved  since  the  con- 
struction of  the  Erie  Canal.  New  York  was  no  longer  the  only  port 
by  which  the  products  of  the  great  West  could  reach  European 
buyers.  The  grain-growing  area  had  spread  far  away  from  the  Great 
Lakes,  and  much  of  it  was  nearer  tide  water  at  the  Delaware  and 
Chesapeake  Bays,  and  even  in  the  Gulf  of  Mexico,  than  in  New  York 
Harbor.  It  was  this  changed  condition  of  affairs  which  forced  the  rail 
lines  terminating  in  New  York  to  accede  to  the  differential  agreement, 
and  every  step  that  they  took  to  limit  their  own  freedom  of  action  was 
taken  to  preserve  and  protect  the  commerce  of  New  York  City.  The 
lake  and  canal  rates  formed  undoubtedly  the  basis  on  which  the  dif- 
ferentials were  adjusted.  If  those  rates  were  lower  than  the  recog- 
nized cost  of  the  same  service  by  rail,  how  could  the  rail  lines  com- 
pete for  the  traffic,  except  by  offering  advantages  which  the  lake  and 
canal  route  did  not  offer  in  connection  with  a  lower  rate?  As  to  ele- 
vator and  transfer  facilities  in  New  York  Harbor,  they  were  as  avail- 
able for  shipments  by  canal  as  by  rail.  There  was  nothing  to  prevent 
canal-boat  owners  from  owning  elevators  or  lighters. 

How,  then,  was  the  lake  and  canal  traffic  limited  or  destroyed? 
The  author  now  says,  by  high  local  rates  to  Lake  ports  and  low 
through  rates  to  the  seaboard,  that,  in  1874,  from  points  of  origin  in 
the  corn  and  wheat  belt,  the  rail  rate  to  New  York  was  1^  cents,  while 
to  Chicago,  from  the  same  point,  the  rate  was  from  2.1  to  2.3  cents  per 
ton-mile.  Comparisons  based  on  statistics  twenty-seven  years  old,  how- 
ever valuable  to  the  historian,  have  no  direct  bearing  on  this  discus- 
sion. Yet,  what  has  been  the  effect  of  the  differential  agreement,  even 
"where  the  conditions  favored  the  rail  lines,  that  is,  from  Chicago? 

The  writer  gives  the  proiDortionate  tonnage  from  Chicago  by  the 
rail  lines  as  follows: 

Flour  traffic,  1881,  94:%;  1882,  79%;  1886,  62%;  1889,  48  per  cent. 
Since  that  year  no  material  change. 

Wheat  traffic,  1874,  37%;  1878,  U%;  1879,  41%;  1897,  32  per  cent. 

Oats  traffic,  1885,  80%;  1897,  52  per  cent. 

From  these  statistics  it  appears  that  from  Chicago,  the  point  most 
favorable  to  the  rail  lines,  and,  notwithstanding  the  differential  agree- 
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Mr.  Haines,  ment,  their  proportion  of  the  flour  traffic  has  decreased  nearly  one-half; 
they  hav«  been  unable  to  retain  the  proportion  of  the  grain  trade  that 
they  carried  in  1874,  and  they  now  carry  one-half  instead  of  four-fifths 
of  the  oats,  and,  as  the  floiiring  industries  in  northern  towns  have 
developed  and  the  wheat  i^roduct  of  Minnesota  and  the  Dakotas  has 
increased,  so  has  the  Lake  transportation  of  wheat  and  flour  increased. 
The  Lake  traffic  has  increased  from  19  000  000  tons  in  1885  to 
52  000  000  tons  in  1896.  The  dijfferential  agreement,  then,  has  not  had 
the  eff'ect  of  diminishing  the  traffic  by  the  Great  Lakes. 

But  the  author  says  that  the  point  of  competition  has  been  shifted 
from  Chicago  to  Buftalo;  that  there  has  been  an  enormous  increase  in 
traffic  destined  for  points  east  of  Bufi'alo,  and,  of  course,  largely  for 
New  York,  and  that  the  competition  between  rail  and  canal  at  Bufi'alo 
is  mainly  for  New  York  traffic.  This  traffic  was  not  subject  to  the  dif- 
ferential agreement  which  he  says  was  intended  to  divert  traffic  from 
western  territory  j)roper]y  tributary  to  New  York.  He  now  refers  to 
another  agreement  made  in  1895  or  1896  relating  to  grain  traffic  from 
Lake  ports  to  the  seaboard  which  established  a  differential  of  1  cent 
per  bushel  in  favor  of  shipments  from  Erie  or  Fairport  to  Philadelphia 
or  Baltimore,  as  against  the  traffic  from  Buffalo  to  New  York  by  rail. 
Discarding  the  discussion  of  the  differentials  covering  traflic  from 
western  territory  he  reduces  the  issue  to  the  differentials  upon  grain 
from  Buffalo,  Erie  and  Fairport.  These  he  considers  as  ojjen  to  the 
same  objection:  That  they  are  intended  to  strengthen  the  rail  lines  in 
their  competition  with  the  canal  to  divert  trade  properly  tributary  to 
New  York,  and  to  distribute  traffic  so  as  to  satisfy  the  competing 
roads.  It  is  neither  immoral  nor  unfair  for  railroads  to  compete 
with  canals,  and,  so  long  as  there  is  no  combination  to  advance  rates, 
neither  producer  nor  consumer  is  unfavorably  affected  by  such  com- 
petition. 

The  issue  is  accordingly  narrowed  down  to  the  diversion,  to  Phila- 
delphia and  Baltimore,  of  Lake  traffic  properly  tributary  to  New  York. 
What  Lake  traffic  should  jjroperly  pay  tribute  to  New  York?  What 
other  traffic  than  that  which  cannot  avoid  doing  so;  that  is,  traffic  in 
commodities  intended  for  consumption  or  distribution  at  New  York 
City?  Any  other  traffic  is  purely  competitive,  and  so  long  as  that 
competition  is  fairly  conducted,  New  York  interests  have  no  cause  for 
complaint  against  rail  lines  terminating  at  other  ports.  The  respon- 
sibility for  maintaining  New  Y''ork  in  the  front  rank  depends  upon  the 
rail  lines  terminating  there.  Against  them  should  the  complaint  be 
directed,  accompanied  by  the  evidence  that  they  have  failed  to  do  their 
duty  in  this  resjiect. 

The  author  asserts  that  in  the  early  seventies  New  York  controlled 
between  70  and  80j^  of  the  export  trade  passing  through  the  North 
Atlantic  ports.     Compare  the  track  mileage  in  the  early  seventies  con- 
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trolled,  resjjectively,  in  tlie  interest  of  each  of  these  ports,  with  the  Mr.  Haines, 
mileage  as  controlled  to-day,  and  it  will  be  seen  that  the  situation  has 
greatly  changed  as  to  competition  in  the  grain-producing  territory. 
That  territory  itself  has  been  continuously  extended  in  a  direction 
favorable  to  short  hauls  to  the  Delaware  and  Chesapeake  Bays,  and 
also  to  the  South  Atlantic  and  the  Gulf  ports.  Under  such  conditions 
it  is  not  to  be  expected  that  New  York  should  continue  to  control 
nearly  80%  of  the  total  export  trade,  nor  that  the  Eiie  Canal  should 
continue  to  control  one-third  of  all  the  grain  received  at  these  ports. 
The  rates  by  rail  have  been  largely  reduced  since  the  early  seventies. 
The  all-rail  grain  rate  from  Chicago  to  New  York,  of  1^  cents  per  ton- 
mile,  quoted  by  the  author,  has  been  reduced  to  less  than  ^  cent,  and 
the  canal-boats  have  not  been  able  to  meet  this  rediaction.  In  his  com- 
parisons the  author  deals  in  percentages,  not  in  quantities.  To  sustain 
his  thesis  that  the  rail  lines  terminating  in  New  Y'ork  have  failed  to  keep 
that  port  in  the  front  rank  in  the  grain  traffic,  he  should  have  com- 
pared the  movement  of  the  export  trade  in  tons,  distx'ibutcd  as  to  areas 
of  origin,  and  should  have  entered  more  into  details  in  supjoort  of  his 
assertion,  that,  of  the  largely  increased  Lake  traffic,  an  undue  ijrojDor- 
tion  has  been  diverted  from  Buffalo  to  Erie  and  Fairport. 

Though  he  has  not  presented  such  statistics,  he  assumes  that  he 
has  established  his  charge  of  discrimination,  and  calls  for  a  remedy. 
He  says  that  for  twenty-three  years  the  merchants  of  New  York  have 
called  in  vain  for  relief  upon  the  rail  lines  terminating  there.  If  the 
managements  of  these  lines  have  not  responded  satisfactorily  to  such 
appeals,  they  have  failed  to  meet  their  responsibility  through  inten- 
tion, neglect  or  inability,  and,  when  the  charge  is  clearly  established, 
the  supporting  evidence  should  show  to  which  of  these  causes  such 
failure  is  due.  But  if  the  merchants  of  New  York  are  convinced  that, 
for  any  reason,  the  rail  lines  terminating  at  that  jDort  have  not  kept 
it  in  the  front  rank,  they  are  right  to  seek  a  remedy.  When  these 
lines  were  relatively  stronger  than  at  present,  and  interested  solely 
in  New  York  commerce,  they  attempted  to  abrogate  the  differential 
agreement,  but  were  whij^ped  into  line  after  a  war  of  rates  that  lasted 
for  over  two  years.  The  Interstate  Commerce  Commission  has  decided 
that  this  agreement  is  not  illegal,  and  strenuous  efforts  to  decrease  the 
terminal  charges  have  been  unsuccessful. 

With  these  conclusions,  the  author  connects  an  estimate  of  the  bur- 
den which  the  traffic  of  New  York  has  had  to  bear,  by  reason  of  the 
differentials  upon  grain  and  grain  products  for  domestic  consumption 
and  distribution;  a  burden  which  he  estimates  variously  at  2  cents  and 
at  3  cents  a  bushel,  and  averages  at  about  $666  000  per  annum.  He 
calls  this  a  tax,  paid  to  the  roads  terminating  in  New  York  City,  to 
induce  them  to  consent  to  the  diversion  of  trade;  an  exaction,  by  the 
New  York   roads  upon   New  York   commerce,   of   the  price  of  their 
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Mr.  Haines,  acquiescence  in  its  destruction.  He  has  just  asserted  that  the  Inter- 
state Commerce  Commission  decided  that  the  differentials  were  not 
illegal,  and  that,  after  fighting  them  for  two  years,  the  New  York  roads 
had  been  eventually  whipped  into  line.  Why,  then,  charge  these  roads 
with  adoi^ting  the  differentials  as  one  ingenious  method  for  exacting 
from  New  York  commerce  the  price  of  their  acquiescence  in  its 
destruction? 

But  he  goes  on  to  say  that,  notwithstanding  the  differentials,  the 
New  York  roads  have  not  only  maintained  the  absolute  amount  of  ton- 
nage to  New  York,  but  that  they  have  also  secured  theii-  fair  percent- 
age of  the  increase.  Why  say  "  notwithstanding  the  differentials"? 
Why  not  by  reason  of  them?  If,  as  he  says,  they  have  secured  their 
fair  percentage  of  the  increase,  why  hold  them  accountable  for  the 
decreased  traffic  by  canal?  At  this  point  he  absolves  them.  He  admits 
that  the  differentials  have  recently  been  reduced  and  that  they  will 
probably  be  abolished,  as  other  jiorts  secure  favorable  ocean  rates 
and  improve  their  harbor  facilities.  This  in  itself  would  seem  to  be  a 
remedy  for  the  alleged  railroad  discrimination,  but  the  author  relies 
solely  on  improving  the  Erie  Canal.  He  thinks  that  if  the  canal  were 
enlarged  and  the  Hudson  River  navigation  improved,  and  if  the  water 
route  thereby  secured  a  reasonable  proportion  of  the  traffic  properly 
and  naturally  tributary  to  New  York,  the  railroads  could  be  relied  on 
to  secure  their  own  percentage  of  the  competitive  traffic.  Into  the 
engineering  questions  involved  in  this  ijroposition  he  does  not  enter, 
nor  are  they  pertinentto  his  thesis  of  "  Railroad  Discrimination  against 
New  York  and  the  Remedy." 

An  examination  of  this  paper  elicits  the  proposition  that,  while 
the  Lake  traffic  has  increased  enormously,  some  portion  of  it,  properly 
tributary  to  New  York,  has  been  diverted,  via  Fairport  and  Erie,  to 
Baltimore  and  Philadelj^hia,  by  means  of  lawful  differentials,  but  that 
the  portion  so  diverted  has  not  been  taken  from  the  rail  lines  termi- 
nating in  New  York.  The  Erie  Canal  has  failed  to  carry  such  a 
percentage  of  the  traffic  as  would  make  it  an  efficient  remedy 
against  railroad  discrimination.  The  improvement  in  this  water- 
way must  be  of  a  character  that  would  bring  about  the  following 
results: 

First,  it  must  reduce  rates  to  a  point  below  which  competing  rail 
lines  could  not  establish  rates.  The  author  fixes  the  lowest  known 
rate  by  rail  between  the  Lakes  and  the  seaboard  at  2i  mills  per  ton- 
mile.  His  idea  is  that  the  water  route  should  furnish  transijortation 
at  a  rate  of  about  0.052  mill  per  ton-mile,  to  prevent  the  jjossibility  of 
rail  differentials,  and  that  then  the  commerce  of  the  Great  Northwest 
would  once  more  flow  through  its  natural  channel,  the  gap  through 
the  Appalachian  chain. 

Second,  that  the  construction  of  this  enlarged  waterway  should 
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put  an  end  to  exorbitant  transfer  charges  upon  grain  arriving  at  Buffalo,  Mr.  Haines, 
furnishing  such  an  outlet  for  it  as  would  enable  it  to  burst  through 
any  system  of  extortion. 

To  these  conclusions,  so  far  as  they  bear  upon  the  prosperity  of  the 
City  of  New  York,  no  person  whose  interests  are  in  line  with  them 
would  be  disposed  to  take  exception,  nor  has  the  writer  undertaken 
to  discuss  them  from  any  other  point  of  view  than  that  the  grain 
differentials  have  diverted  from  New  York  a  considerable  amount  of 
traffic  properly  tributary  to  that  port,  and  that  it  was  in  the  power  of 
the  rail  lines  terminating  in  New  York  to  abolish  these  differentials  of 
their  own  motion.  If  freight  can  be  carried  from  Buffalo  to  New  York 
at  a  rate  of  0.052  mill  per  ton-mile,  it  will  certainly  divert  to  the 
latter  port  much  of  the  Lake  traffic  now  taking  other  routes. 
Whether,  as  the  author  suggests,  it  was  idle  talk  on  the  part  of  the 
railroad  president  who  proposed  to  carry  grain  free  from  Buffalo 
to  New  York  for  the  price  of  the  canal  enlargement,  that  is  another 
story. 

Waltek  G.  Berg,  M.  Am.  Soc.  C.  E.— The  title  of  this  paper  does  Mr.  Berg, 
not  indicate  the  general  and  broad  question  evidently  involved, 
namely:  "  The  Eeasons  for  the  Decline  of  the  Commerce  of  the  Port 
of  New  York,  and  the  Kemedy."  The  paper  is  in  reality  a  one-sided 
argument,  offering  only  one  reason  for  the  decline  of  the  commerce  of 
the  Port  of  New  York,  consisting  of  a  summary  of  the  past  history  of 
the  question  of  rail  differentials  and  a  general  arraignment  of  the 
railroads  as  the  sole  cause  of  the  decline. 

This  portion  of  the  paper  is  practically  an  abstract  of  the  argu- 
ments, testimony  and  briefs  presented  in  1897  in  the  suit  of  the  New 
York  Produce  Exchange  rs.  Baltimore  and  Ohio  Railroad  Comj^any 
and  thirty-one  other  railroad  companies  before  the  Interstate  Com- 
merce Commission,  the  comi^lainauts  being  rejjresented  by  the  law 
firm  of  Baldwin  ct  Blackmar.  This  case  was  decided  April  30th,  1898, 
by  the  Interstate  Commerce  Commission,  the  decision  being:  "The 
complaint  is  dismissed  without  jirejudice."  The  Commission  went 
into  the  questions  involved,  /.  e.,  the  legality  and  the  reasonableness 
of  the  existing  rail  differentials,  with  great  detail,  holding  meetings 
in  various  cities  and  taking  testimony  of  all  kinds,  and  finally  ren 
dered  a  most  exhaustive  review  and  decision  covering  all  the  phases 
of  the  question.  While  the  author  quotes  certain  clauses  of  the  de- 
cision, the  following  additional  clauses  will  serve  to  illustrate  the 
scope  of  the  inquiry  and  the  importance  of  this  adjudication  of  the 
question  of  New  York  rail  differentials  by  the  proper  court  of  inquiry 
established  by  Congress: 

"Railway  comj^anies  may  make  whatever  rates,  form  whatever  lines, 
and  establish  whatever  differentials  they  deem  best  for  the  purpose  of 
securing  and  conducting  transportation,  provided  the  just  interests 
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Mr.  Berg,  of  the  public  are  not  sacrified  thereby,  and  whether  in  so  doing  they 
act  wisely  or  unwisely,  fairly  or  unfairly  between  themselves,  is  not 
for  the  Commission  to  determine;  the  jurisdiction  of  the  Commission 
is  confined  to  inquiring  whether  the  situation  which  the  carriers  have 
created  is  in  violation  of  the  act  to  regulate  commerce. 

"Upon  complaint  brought  on  behalf  of  New  York  City,  and 
alleging  that  differentials,  allowed  by  the  defendant  carriers  on  grain, 
flour  and  provisions  from  Chicago  and  other  western  points,  of  2  cents 
to  Philadelphia  and  3  cents  to  Baltimore  below  the  rates  to  New  York, 
are  unlawful  under  Section  3  of  the  Act  to  Regulate  Commerce, 
Held,  That  the  differentials  are  legitimately  based  upon  the  competi- 
tive relations  of  the  carriers,  that  it  does  not  appear  upon  the  present 
record  that  the  carriers  have  exceeded  the  limit  within  which  they  are 
free  to  determine  for  themselves,  and,  accordingly,  that  the  differen- 
tials complained  of  do  not  result  in  unlawful  preference  or  advantage 
to  Philadelphia  or  Baltimore  over  the  City  of  New  York."* 

It  should  be  noted  that  the  author  says  "  this  decision  stated  only 
that  differentials  were  not  illegal. "  The  decision  in  reality  declared 
that  the  existing  differentials  were  not  only  not  illegal,  but  that  they 
did  not  place  New  York  under  a  disadvantage. 

The  main  reason  for  entering  into  a  discussion  of  the  paper  is  the 
fact  that  while  the  author  admits  that  the  legality  of  rail  differentials 
has  been  adjudicated  by  the  duly  constituted  jDublic  and  judicial 
authorities,  and  inferentially  acknowledges  that  the  question  belongs 
to  the  past  and  "the  remedy  is  not  with  the  railroads  "  who  "  have 
no  power  to  protect  the  commerce  of  New  York,"  still,  there  are  cer- 
tain inaccuracies  in  the  facts  i^resented,  and,  further,  the  history  of 
rail  difl'erentials  and  the  arguments  ai-e  marshalled  in  such  a  skilful 
manner  as  to  be  very  likely  to  leave  the  impression  on  a  casual 
reader  of  the  pai^er  that  rail  differentials  are  founded  on  wrong  prin- 
ciples, and  that  railroad  companies  engaged  in  the  New  York  trade 
are  solely  responsible  for  the  decline  of  the  commerce  of  the  port. 

It  is  not  for  a  moment  contended  that  the  author  has  purjaosely 
been  unfair  in  this  matter,  but,  no  doubt,  his  previous  legal  connec- 
tion with  this  subject  has  led  him  to  give  a  preponderating  impor- 
tance to  rail  differentials,  the  main  claim  made  in  the  quoted  case  of 
the  New  York  Produce  Exchange  vs.  the  various  railroads,  and  he 
has  unconsciously  allowed  all  other  possible  elements  contributing  to 
the  decline  of  New  York's  commerce  to  be  subjugated,  as  being  un- 
important factors.  The  purpose  of  this  discussion  is  to  call  attention 
to  the  large  number  of  questions  and  elements  that  should  form  a  compo- 
nent part  of  any  impartial  investigation  and  analysis  of  the  situation, 
in  addition  to  the  question  of  rail  differentials. 

In  regard  to  rail  differentials  it  can  be  stated  that  their  legality  has 
not  only  been  sustained  by  the  Interstate  Commerce  Commission  in 
numerous  decisions  during  the  last  twelve  years,  but  also  by  decisions 
of  the  State  Courts  in  probably  every  State  in  the  Union,  and  of  the 

*7thl.  C.  C.  Rep.,  613. 
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Mr.  Berg.  United  States  Suiareme  Court.  A  score  of  opinions  could  be  quoted 
affirming  the  correctness  of  the  underlying  princii^les  governing  the 
maintenance  of  rail  differentials. 

The  report  of  the  Railroad  Advisory  Commission,  of  July  20th, 
1882,  mentioned  by  the  author,  consisting  of  Messrs.  Allen  G.  Thur- 
man,  E.  B.  Washburne,  and  Thomas  M.  Cooley,  appointed  by  the 
railroad  companies  to  make  an  impartial  investigation  on  railroad 
differential  rates  between  the  West  and  the  Seaboard,  is  one  of  the 
most  complete  treatises  on  this  subject,  and  it  has  been  variously 
referred  to  as  the  "  A-B-C  of  Bail  Differentials  "  or  the  "  Bail  Differ- 
ential Bible."  Some  of  the  conclusions  reached  by  this  Commission 
were  as  follows: 

"  There  are  influences  bearing  upon  the  charges  for  the  transporta- 
tion of  property  which  are  beyond  the  reach  of  railroad  companies 
altogether,  and  which  no  combination  among  them  can  control.  The 
transportation  of  the  products  and  merchandise  which  the  different 
sections  of  the  country  exchange  with  each  other  is  only  in  part  in 
railroad  hands,  and  the  carriers  by  rail  are  at  all  times  subjected  to  a 
competition  which  is  not  only  active  and  vigilant,  but  is  possessed  of 
some  most  important  advantages.  *  *  *  No  evidence  has  been 
offered  before  us  that  the  existing  differentials  are  unjust,  or  that  they 
operate  to  the  prejudice  of  either  of  the  Atlantic  seaport  cities. 
Differential  rates  have  come  into  existence  under  the  operation  of  com- 
petitive forces;  they  bear  some  relation  to  relative  distance  and 
relative  cost  of  service;  they  recognize  as  we  think  the  relative 
advantages  of  the  several  seaports;  and  they  are  subordinate  to  the 
great  princiijle  which  compels  the  carriers  of  property  competing 
between  the  same  points  and  offering  equal  facilities  to  their  customers, 
to  make  the  same  rates.  We  therefore  cannot  advise  their  being  dis- 
turbed. But  we  do  not  assume  that  the  rates  which  are  just  to-day 
will  be  just  indefinitely.  They  have  become  established  by  the  force 
of  circumstances,  and  they  ought  to  give  way  if  future  circumstances 
shall  be  such  as  to  render  it  right  and  jjroper. " 

It  may  be  argued  that  the  members  of  this  Advisory  Committee, 
while  apparently  rendering  an  imjsartial  opinion,  were  unconsciously 
swayed  by  the  railroad  interests  employing  them.  The  following 
quotation  from  a  decision  of  the  Interstate  Commerce  Commission 
must  certainly  be  accepted  as  coming  from  a  body  biased,  if  at  all,  in 
the  interests  of  the  peoj^le: 

"  The  relative  reasonableness  of  rates  on  shipments  from  Western 
points  to  cities  on  the  Atlantic  Seaboard  is  to  be  determined  by  all  the 
circumstances  and  conditions  that  affect  the  traffic  to  the  respective 
points  between  which  the  rates  are  questioned,  and  not  solely  by  one 
standard  of  compai'ison.  The  length  and  character  of  the  haul;  the 
cost  of  the  service;  the  volume  of  business;  the  condition  of  compe- 
tition; the  storage  capacity;  and  the  geographical  situation  at  the  dif- 
ferent terminal  points  are  all  elements  of  imj^ortance  bearing  upon  the 
relative  reasonableness  of  the  respective  charges  for  transportation.  "* 

In  the  New  York  Produce  Exchange  case  the  Interstate  Commerce 
*lstl.  C.  C.  Rep.,  436. 
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Mr.  Berg. 
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Mr.  Berg.  Commissiou  stated:  "We  think,  therefore,  that  the  principle  ujjon 
which  these  differentials  are  made  is  legitimate." 

The  following  reference  to  a  case  decided  last  year  by  the  Supreme 
Court  of  Minnesota  will  show  the  attitude  of  State  Courts  when  con- 
sidering methods  of  determining  reasonable  rates,  and  among  others 
the  making  of  rates  in  accordance  with  commercial  conditions  and 
circumstances.     The  ruling  was,  in  substance: 

"When  considering  the  reasonableness  of  rates,  the  Interstate 
Commerce  Commission  and  the  Courts  are  justified  in  taking  into  con- 
sideration what  is  known  as  a  'commercial  necessity,'  namely,  the 
application  of  principles  when  fixing  rates  which  are  forced  upon 
common  carriers  by  various  conditions  and  circumstances  and  are  in 
common  practice  among  them,  a  business  policy  which  actuates  and 
influences  the  carriers  themselves  to  disregard  a  rule  of  strict  com- 
l^arison  and  strict  equality  as  between  bulk,  weight,  or  value,  as  well 
as  distance  of  carriage.  *  *  *  This  rule  has  constantly  been 
recognized  and  acted  upon  by  railroads,  and  has  often  been  referred 
to  and  countenanced  by  the  Interstate  Commerce  Commission.  "* 

The  attitude  of  the  United  States  Supreme  Court  on  the  subject  of 
variations  in  rates  due  to  competitive  local  conditions  can  be  inferred 
from  the  following  quotation  from  a  decision  rendered  last  year: 

"  The  competition  may  in  some  cases  be  such  as,  having  due  regard 
to  the  interests  of  the  public  and  of  the  carrier,  ought  justly  to  have 
effect  upon  the  rates,  and  in  such  cases  there  is  no  absolute  rule  which 
prevents  the  Interstate  Commerce  Commission  or  the  Courts  from 
taking  that  matter  into  consideration.! 

Considering,  therefore,  that  the  public  authorities  and  highest 
courts  of  the  country  have  settled  the  equities  in  the  case,  and  that 
their  attitude  has  been  well  defined  upon  the  question  of  rail  differen- 
tials and  rates  governed,  not  merely  by  the  distance  or  cost  principles, 
but  by  the  competitive  factors  and  all  the  varying  local  conditions,  it 
does  not  seem  necessary  to  attempt  to  present  long  arguments  as  to 
the  justice,  fairness  and  correctness  of  the  underlying  i^rinciples. 
Until  the  fundamental  law  of  the  land  is  changed,  railroad  comi^anies 
establishing  rail  differentials  should  not  be  indiscriminately  charged 
with  maintaining  a  consj^iracy  against  the  people,  and  be  blamed  for 
all  the  losses  of  individuals  engaged  in  trade,  or  every  trade  grievance 
of  commercial  communities. 

It  does  not  seem  lair  to  allow  the  impression  to  prevail  that  rail- 
road companies,  and  they  only,  have  been  the  great  stumbling  block 
in  the  way  of  maintaining  the  former  glory  of  New  York's  commerce, 
unless  supported  by  new  evidence  or  more  substantial  facts  than  a 
reissue  in  a  new  form  of  old  arguments  long  since  adjudicated  and 
dismissed. 

It  is  not  reasonable  to  assume  that  the  half-dozen  important  rail- 
roads serving  New  York   would,  for  practically  the  last  twenty-five 

*  I.  C.  C,  14th  Annual  Report,  65. 
1 175  U.  S.,  648 
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Mr.  Berg,  years,  deliberately  maiBtain  a  policy  that  would  eventually  undermine 
the  commercial  sujiremacy  of  New  York,  and  thei'eby  cause  loss  to 
themselves,  as  also  to  the  State  by  the  reduced  taxation  on  their  dimin- 
ished earnings  and  value  of  their  franchises.  Even  the  author  admits 
that  "  railroad  companies  do  not  commit  suicide." 

The  Railroad  Advisory  Commission,  j^reviously  mentioned,  stated, 
in  this  regard : 

"  Railroad  problems  assume  such  different  phases  from  year  to 
year,  and  almost  fi*om  day  to  day,  that  those  who  have  authority  in 
railroad  matters  may  justly  be  expected  and  required  to  give  their 
earnest  attention  and  best  efforts  to  making  their  franchises  accom- 
plish the  great  ends  of  equal,  fair,  prompt  and  beneficial  accommo- 
dation which  was  intended  in  their  grant.  And  those  ends  they  should 
have  in  view  in  determining  upon  the  continued  existence  of  differen- 
tial rates.  Their  observation  of  the  general  course  of  traffic  from  day 
to  day  and  from  month  to  month  ought  to  enable  them  to  determine 
whether  the  differentials  are  too  large  or  too  small;  whether  they  are 
influencing  trade  unfairly  and  unnaturally;  and  whether  they  oiDerate 
as  an  improper  restraint  upon  competition;  and  when  the  improper 
effect  is  discovered,  they  ought  to  correct  the  wrong  without  hesitation 
or_delay." 

In  the  New  York  Produce  Exchange  case,  previously  mentioned, 
the  Interstate  Commerce  Commission  stated,  in  this  respect: 

"  The  lines  which  extend  to  the  Port  of  New  York  are  numerous, 
powerful  and  aggressive.  It  is  difficult  to  believe  that  those  lines  will 
ever  suffer  any  great  or  laermanent  injury  to  the  commerce  of  that  port, 
when  in  permitting  that  they  must  submit  to  a  depletion  of  their  own 
revenues.  It  might  happen  that  some  combination  of  these  lines,  for 
the  purjjose  of  promoting  their  interests  at  some  other  jDoint,  would 
sacrifice  the  Port  of  New  York,  or  that  for  the  jaurpose  of  promoting 
their  interests  as  to  some  other  kind  of  traffic  they  would  sacrifice  this 
particular  traffic.  If  anything  of  that  sort  were  apparent,  if  there 
seemed  to  be  anything  arbitrary,  anything  unreasonable,  any  undue 
preference  against  this  locality  or  this  sjaecies  of  traffic,  it  would  be 
our  duty  to  correct  it.  But  there  is  nothing  of  that  kind  and  we  can 
do  no  better  than  to  leave  this  matter  where  competition  has  left  it." 

The  author  states  that  the  railroad  companies  have  no  motive  for 
protecting  the  commerce  of  New  York.  The  reverse  is  the  case;  they 
have  every  motive  to  do  so.  Railroads,  like  any  other  branch  of  com- 
merce, are  controlled  by  the  natural  laws  of  trade  and  the  general  law 
of  demand  and  suj^ply.  They  are  a  commercial  and  quasi-public  body 
engaged  in  the  selling  of  transportation,  and  are  also  promoters  of 
production  and  activity  in  every  class  of  trade  and  business.  The 
general  prosperity  of  the  business  communities  they  reach  is  imme- 
diately reflected  in  the  railroad  company's  balance  sheet.  The  two 
interests  are  inter-dependent.  It  is  erroneous  to  suggest  that  a  rail- 
road company  can  so  forget  its  true  interests  as  to  antagonize  the 
business  interests  of  a  community  it  serves.  Self-interest  can  be 
counted  on  to  maintain  the  jjroper  equilibrium,  whether  actuated  by 
the  so-called  selfish  motives  of  financiers  controlling  the  railroad  prop- 
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erty  or  the  ambitions  desires  of  the  railroad  oflBcers  to  i^romote  the  Mr 
general  welfare  of  the  property  committed  to  their  charge.  Eailroad 
officers  exercise  far  greater  care  and  give  more  thought  to  the  satisfac- 
tory solution  of  complex  problems  connected  with  traffic  conditions 
influencing  the  prosperity  of  commxinities  reached  by  the  road,  than 
they  receive  credit  for  from  the  general   iJiiblie,  swayed  and  influ- 
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enced  by  the  dominating  ebullitions  of  a  certain  section  of  the  daily 
press  against  all  corporate  activity. 

If  the  author,  in  place  of  offering  practically  a  wholesale  arraign- 
ment of  raih-oad  companies  and  a  general  condemnation  of  the  entire 
rail  differential  question,  had  entered  more  particularly  into  a  discus- 
sion of  all  the  various  elements  affecting  the  question  of  the  decline  of 
the  commerce  of  New  York,  and  had  dwelt  on  the  question  of  the  rea- 
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Mr.  Berg,  sonableness  of  the  amount  of  the  existing  rail  differentials,  he  would 
have  made  a  much  more  forcible  argument. 

The  question  of  the  reasonableness  of  the  existing  differentials  is 
open  to  discussion  and  individual  conclusions.  What  was  fair  and 
just  in  1877,  may  not  be  so  to-day.  In  1882  the  Railroad  Advisory 
Commission  reviewed  the  conditions  and  reported  that  the  then  exist- 
ing differential  rates,  as  established  in  1877,  viz.,  2  cents  and  3  cents, 
were  fair  and  just,  but  might  not  be  so  later.  The  Interstate  Com- 
merce Commission  reviewed  the  conditions  in  1897,  on  complaint  of  the 
New  York  Produce  Exchange,  and  decided  that  they  could  see  no  rea- 
son for  making  a  change,  as  the  rail  differentials  were  not  causing  a  dis- 
advantage to  New  York.  In  1897,  therefore,  the  differentials  were 
found  to  be  fair,  and  the  question  is:  Has  any  new  evidence  developed 
to  change  the  conditions  since  then? 

The  author  incidentally  remarks  that  certain  modifications  in  rail 
differentials  had  been  made  during  the  last  year,  without,  however, 
stating  specifically  to  what  extent  or  in  how  far  such  modifications 
would  affect  his  general  arguments  based  upon  the  older  conditions  as 
applied  to  the  future. 

It  is  well  known  that  the  deduction  of  a  fixed  differential  from  a 
vai-ying  tariff  rate  becomes  a  matter  of  serious  moment  in  jjroportion 
as  the  tariff  rate  is  lessened,  so  that  fixed  differentials  which  would 
be  equitable  under  a  high  tariff  rate  become  objectionable  under  a  low 
rate.  The  present  rates  on  export  grain  from  all  the  Eastern  Lake 
ports  are  absolutely  uniform  to  New  York  and  its  five  outports,  namely, 
for  wheat,  4  cents;  for  corn,  3J  cents;  and  for  oats,  3  cents  per  bushel. 
It  is  obvious  that  with  rates  reduced  to  such  low  points,  the  question 
of  additional  deductions  for  differentials  is  not  practicable. 

About  two  years  ago  the  railroad  companies,  by  joint  action,  ciit  the 
old  all-rail  differentials  on  export  grain  in  two,  so  that  since  then  the 
differentials  on  such  all-rail  grain  have  been  only  1  cent  per  100  lbs.  in 
favor  of  Philadelphia  and  IJ  cents  per  100  lbs.  in  favor  of  Baltimore, 
Norfolk  and  Newport  News. 

For  a  niimber  of  years  there  have  been  no  differentials  on  ex-Lake 
grain  for  export,  and  the  rates  have  been  absolutely  the  same  from  the 
Eastern  Lake  ports,  such  as  Buffalo,  Erie  and  Fairport,  to  New  York, 
Boston,  Philadelphia  and  Baltimore.  Ex-lake  grain  is  practically  all 
exported. 

The  conditions,  therefore,  during  recent  years,  as  far  as  the  bulk  of 
the  New  York  grain  trade  is  concerned,  have  certainly  been  more  favor- 
able than  under  the  old  differential  rates,  which  were  found  by  the 
Interstate  Commerce  Commission,  as  late  as  1897,  to  be  still  just  and 
not  disadvantageous  to  New  York.  Yet,  in  spite  of  these  reductions 
in  the  differentials  during  recent  years,  the  relative  percentage  of  New 
York's  grain  trade,  compared  with  other  ports,  has  been  decreasing. 
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U.S.  GRAIN  PRODUCTION,  ALL  KINDS  OF  GRAIN,  FROM   1866  TO  1900. 
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Mr.  Berg,  clearly  indicating  that  rail  differentials  are  not  at  the  bottom  of  the 
trouble.  The  author  has  correctly  stated  that  the  development  of 
trade  takes  place  vmder  natural  laws  and  cannot  be  forced. 

In  regard  to  the  legality  and  justice  of  making  export  rates  lower 
than  the  domestic  rates,  the  Interstate  Commerce  Commission  ren- 
dered a  decision  in  1899  which  contains  the  following  language: 

"Market  conditions  may  justify  an  export  rate  through  the  Port 
of  New  York  somewhat  lower  than  the  domestic  rate,  and  Philadel- 
phia, Baltimore,  Norfolk,  and  Newj)ort  News  usually  take  rates  which 
are  certain  differentials  below  the  New  York  rate  on  both  domestic 
and  export  traffic.  *  *  «  Such  an  adjustment  of  rates  would  be 
to  the  advantage  of  the  carrier,  and  just  alike  to  the  American  con- 
sumer and  the  American  producer."* 

Owing  to  the  reductions  in  rail  diff"erentials  in  recent  years,  many 
of  the  author's  figures,  when  applied  to  existing  conditions,  will  be 
cut  in  two,  and  all  references  to  the  so-called  tax  on  ex-lake  trade 
would  have  to  be  practically  entirely  disregarded  to-day. 

The  deductions  the  author  draws  between  the  volume  of  the  grain 
trade  from  1873  to  1876,  in  comparison  with  the  last  four  years,  are 
ingenious,  but  misleading,  as  the  conditions  at  that  early  period  of  the 
development  of  the  railroad  grain  trade  were  entirely  different  from 
to-day,  and  hence  do  not  warrant  the  conclusions  reached,  that  the  rail 
diff'erentials  are  responsible  for  the  relative  decline  of  New  York's 
grain  trade,  in  comparison  with  other  ports. 

The  figure,  8666  000,  stated  by  the  author  to  represent  the  yearly 
burden  upon  the  Port  of  New  York  due  to  the  diff'erentials,  is  grossly 
exaggerated,  owing  to  errors  in  the  assumptions.  The  all-rail  differ- 
entials of  2  cents  and  3  cents  have  only  been  in  use  since  1877,  not 
since  1872;  during  j^art  of  the  time  they  were  not  enforced,  and  in  re- 
cent years  they  have  been  reduced  in  part.  The  ex-lake  differential 
was  only  established  in  1895  and  was  only  1  cent  i^er  100  lbs.,  and  has 
recently  for  a  number  of  years  been  practically  abolished.  The  au- 
thor's calculation  is  based  upon  the  maximum  differential  3  cents  on 
all  grain,  both  all-rail  and  ex-lake,  since  1872.  The  errors  in  the  as- 
sumptions are  apparent.  After  making  the  necessary  corrections  and 
distributing  the  resulting  amount  among  half  a  dozen  railroads,  the 
figure  is  comparatively  so  small  as  to  invalidate  the  force  of  the  au- 
thor's argument,  that  this  contribution  to  the  company's  treasury 
offers  "substantial  reasons  for  the  apathy  of  the  New  York  roads  in 
their  efforts  to  protect  New  York  commerce." 

The  attitude  of  railroads  and  the  rail  differentials  will  not  suffice 
to  exi^lain  the  changes  taking  jjlace  in  New  York's  commerce.  There 
are  many  other  reasons,  some  of  which  are  incidentally  mentioned  by 
the  author,  without  allowing,  however,  any  particular  weight  to  be 
attached  to  them. 

*8th  1.  C.  C.  Rep.,  314. 
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U.S.  PRODUCTION  OF  WHEAT,  CORN  AND  OATS,  FROM   1866  TO  1900; 
IN  COMPARISON  WITH   EXPORTS. 
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Mr.  Berg.  It  is  not  feasible  in  this  discussion  to  enter  into  a  full  analysis  of 
all  factors  afifecting  the  question.  It  has  been  thoroughly  gone  into 
in  special  reports  and  investigations  made  within  recent  years  by  the 
United  States  Industrial  Commission,  the  United  States  Interstate 
Commerce  Commission,  the  New  York  State  Committee  on  Commerce 
of  the  Port  of  New  York,  the  New  York  Chamber  of  Commerce,  the 
New  York  Dock  Department,  the  New  York  State  Committee  on  Canals, 
and  various  mianicipal  bodies  and  trade  organizations.  The  several 
causes  and  effects,  with  reference  to  their  comparative  influence  at  the 
different  ports,  were  discussed  and  investigated  from  almost  every 
point  of  view.  In  addition  to  the  relations  of  the  railroads  and  rail  dif- 
ferentials, the  following  features  are  all  more  or  less  intimately  related 
to  the  subject:  The  decline  of  traflSc  on  the  Erie  Canal;  the  improve- 
ments made  by  the  Government,  railroad  and  private  interests  in  the 
terminal  facilities  at  other  ports;  the  increased  business  of  Canadian 
ports,  and  canals  and  contemplated  Canadian  canal  projects;  the  in- 
fluence of  the  Gulf  ports;  the  shifting  of  iJi'oduction  and  population 
centers;  the  population  and  domestic  consumptions  at  seaboard  cities; 
the  shifting  of  the  wheat  and  corn  belts;  Lake  shipments;  the  relative 
rates  of  raU  and  water  carriage;  handling  expenses;  port,  elevator  and 
lighterage  charges;  docking  facilities;  ocean  freights,  bei'th  and  cargo- 
lots;  vessel  and  steamship  tonnage;  regular  steamship  lines  running 
from  seaports;  tramp  steamship  service;  cargo-lot  trade;  warehousing 
and  floating  elevator  interests;  inspection  rules,  regulations  and 
charges;  brokerage  and  commission  charges;  classification  systems; 
export  and  local  rail  rates;  through  rail  and  ocean  carriage;  relation 
of  exports,  imports  and  balance  of  trade;  volume  of  manufactures  at 
seaports;  warehousing  capacity  and  location  of  warehouses  with  ref- 
erence to  rail  and  water  communication;  subsidies  to  ocean  liners; 
granting  of  free  storage  and  other  facilities;  remission  or  reduction 
of  charges  for  insurance,  demurrage,  etc.;  guarantee  of  full  weights; 
money  and  trade  centers  and  banking  facilities;  competition  of  water 
and  canal  routes;  comparison  of  water  and  rail  rates;  water  naviga- 
tion season  and  time  element;  traffic  facilities  and  conditions  at  Chi- 
cago, Buffalo  and  other  Lake  ports,  etc. 

Any  analysis  of  the  general  question  as  to  the  reasons  for  the  decline 
of  the  commerce  of  the  Port  of  New  York  must  include  a  full  considera- 
tion of  practically  all  the  foregoing  subjects.  The  problem  is  one  of 
the  most  complex  ones  that  can  be  offered  to  a  student  of  economic  and 
transportation  questions.  It  requires  for  its  satisfactory  solution  an 
absolute  detail  knowledge  of  all  the  phases  and  conditions  involved, 
and  can  only  be  answered  after  a  thorough,  systematic  and  intelligent 
examination  and  study  from  every  standpoint. 

The  rail  differentials  have  no  doubt  certain  objectionable  features^ 
and  the  rates  may  not  have  been  absolutely  just  and  fair  at  all  times.. 
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Mr.  Berg,  but  they  are  not  responsible  for  all  the  decline.  An  examination  of  the 
diagrams,  showing  graphically  New  York's  percentage  of  exports 
of  wheat,  corn  and  oats,  in  comparison  with  the  total  exports  of  New 
York  and  its  immediate  outports  and  groups  of  ports,  covering  Mon- 
treal, Portland,  Boston,  Philadelphia,  Baltimore,  Norfolk,  Newport 
News,  New  Orleans  and  Galveston,  will  oflfer  the  best  proof  that  rail  dif- 
ferentials are  not  causing  all  the  trouble.  New  York's  percentage  from 
1895  to  1930  has  fallen  in  every  case.  The  New  York  rail  differentials 
have  certainly  no  direct  leading  influence  on  shijiments  from  the  Gulf 
ports  and  from  the  Canadian  ports,  yet  the  same  decline  of  New  York's 
percentage  has  taken  place,  and  at  about  the  same  ratio  as  at  the  out- 
ports, which  are  directly  concerned.  The  same  reduction  in  New- 
York's  percentage  has  taken  place,  as  between  New  York  and  Boston, 
starting  in  1891,  and  yet  Boston  is  laboring  under  the  same  so-called 
differential  burden  as  New  York.  This  diagram  is  the  best  possible 
denial  of  the  claim  that  rail  diflerentials  are  solely  responsible  for  the 
New  York  conditions.  New  York  has  lost  in  comparison  with  ports 
which  are  not  at  all  afifected  by  rail  differentials,  and  in  comparison 
with  Boston,  which  has  the  same  differentials  as  New  York;  clearly 
indicating  that  there  are  other  conditions  causing  the  general  decline 
besides  rail  differentials. 

The  author  has  based  his  arguments  as  to  the  decline  of  New  York's 
commerce  largely  on  the  decline  in  the  grain  trade  of  the  port,  hence 
the  diagrams  presented  as  to  the  New  York  grain  receipts  and  exports 
are  of  value  in  this  connection.  There  is  no  question  that  the  propor- 
tional grain  commerce  of  New  Y^ork  is  gradually  being  reduced  as  com- 
pared with  the  total  exports  from  its  three  immediate  outports  (Boston, 
Philadelphia  and  Baltimore),  from  its  five  outports  (Boston,  Phila- 
delphia, Baltimore,  Norfolk  and  Newport  News),  from  the  two  North 
Atlantic  or  Canadian  ports  (Montreal  and  Portland),  from  the  two  Gulf 
23orts  (New  Orleans  and  Galveston),  and,  further,  from  all  the  nine 
principal  grain  ports  from  Montreal  to  Galveston. 

The  decline  is  only  relative,  however,  as  the  actual  average  yearly 
volume  of  grain  receipts  and  exports  at  New  York  during  the  last  five 
years  has  been  greater  than  during  any  previous  five-year  period. 

The  total  grain  receipts  at  New  Y'^ork  seem  to  follow  a  cycle  of  six 
years,  and  the  low  year  occurs  the  second  year  after  the  high  year. 
This  rule  practically  holds  good  since  1874.  The  years  1892  and  1898 
Avere  the  last  high  years.  The  results  predicted  in  the  New  York 
Produce  Exchange  case  of  1897,  based  mainly  upon  the  low  years  of 
1895  and  1896,  have  not  been  since  realized,  so  far  as  the  total  volume  of 
receipts  at  New  York  is  concerned,  the  output  of  1898  being  the  high- 
water  mark  in  the  New  Y'ork  grain  trade. 

New  York  cannot  eliminate  the  influences  at  work  which  are  causing 
a  large  part  of  the  grain  and  productions  of  the  country  to  seek  other 
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Fig.  9. 
NEW  YORK  S  PERCENTAGE  OF  EXPORTS  OF  ALL  KINDS  OF  GRAIN, 
IN  COMPARISON  WITH  THREE  OUT  PORTS,  BOSTON, 
PHILADELPHIA  AND   BALTIMORE.  FROM   1880  TO   1900. 
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Mr.  Berg,  outlets,  dtie  to  the  sliifting  of  the  productioD  and  manufacttii'ing 
centers  and  to  new  develoiDments  of  raib-oads,  canals  and  shipping 
facilities  at  other  ports,  more  particularly  at  the  Canadian,  Chesapeake 
Bay  and  Gulf  ports.  The  only  successful  method  is  for  the  New  York 
railroad,  shipping,  warehousing  and  floating  elevator  interests,  the 
financial  and  commercial  bodies,  and  the  public  and  State  authorities 
to  all  work  together  for  the  common  good.  In  every  branch  of  the 
commerce  of  the  port,  in  one  way  or  the  other,  there  will  be  found 
elements  tributary  to  the  relative  decline  of  the  commerce  of  the  port, 
each  such  element  being  responsible  for  a  certain  percentage  of  the  loss. 
Rail  differentials,  no  doubt,  have  contributed  a  certain  percentage,  but 
in  any  impartial  and  comprehensive  analysis  it  will  be  found  that  their 
percentage  is  small  as  compared  with  other  vital  features. 

The  author  refers  to  excessive  elevator  and  lighterage  charges.  As 
a  matter  of  fact,  the  charges  are  fair  if  all  the  expenses,  losses  and 
annual  charges  on  the  investment  connected  with  each  business  are 
duly  considered.  The  great  trouble  with  many  comparisons  and  off- 
hand statements  of  unit  costs  is  that  proper  allowance  is  not  made  for 
all  the  general  expenses,  unusual  expenditures  that  occur  from  time  to 
time,  losses,  and  risks  incurred  in  every  business.  In  addition,  it 
should  be  stated  that,  in  spite  of  the  general  opinion  to  the  contrary, 
railroad  companies  own  only  20%  of  the  storage  elevator  facilities  of 
New  York,  and  the  floating  elevators  are  under  the  control  of  a  private 
corporation.  At  all  other  ports  the  bulk  of  the  elevator  service  is 
owned  by  the  railroad  comjianies,  and  the  steamship  lines  are  more  or 
less  dependent  on  the  raiboad  companies. 

The  author  also  refers  to  excessive  grain  inspection  fees.  This  is  a 
matter  entirely  under  the  control  of  the  New  York  Produce  Exchange, 
which  body  has  been  most  pressing  in  its  arraignment  of  railroad  com- 
panies. Why  would  it  not  be  a  good  scheme  for  the  New  York  Produce 
Exchange  to  initiate  the  movement  and  set  the  i^ace  by  reducing  these 
alleged  excessive  inspection  fees  or  abolishing  them  altogether  and 
absorbing  the  expense  of  the  grain  inspection  department  in  their  gen- 
eral exijense  account  ?  The  answer  which  would  be  given  to  any  such 
proposition  is  obvious.  But  unless  the  non-railroad  interests  are 
willing  to  sacrifice  something,  how  can  they  expect  the  railroad  com- 
panies to  bear  all  the  brunt  of  the  fight '? 

The  genei-al  outlook  for  the  commercial  and  export  trade  of  the 
entire  country  is  particularly  bright  at  the  present  time,  and,  while 
New  York  will  probably  continue  to  lose  relatively,  as  the  facilities  and 
developments  at  other  ports  progress,  she  will,  no  doubt,  always  retain 
a  large  volume  of  the  total  business.  To  stop  or  reduce  this  relative 
decline  and  to  increase  the  total  actual  business  should  be  the 
endeavor  of  all  the  parties  interested.  This  should  not  be  done,  how- 
ever, by  aiming  to   throw  the  odium  on  some  one  else,  or  selecting 
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Mr.  Berg^. 


EXPORTS  OF  WHEAT,   CORN   AND   OATS:    NEW  YORK   IN  COMPARISON 
WITH  GROUPS  OF  PORTS  FROM  1878  TO  1900. 
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Mr.  Berg,  some  new  scheme  as  offering  the  only  salvation,  but  by  united  action 
and  concessions  all  around.  The  railroad  companies  have  cut  in  two 
the  old  all-rail  differentials  on  the  bulk  of  the  grain  shipments,  and 
practically  abolished  ex-lake  differentials,  and  are  undoubtedly  willing 
and  endeavoring  to  solve  the  many  j^roblems  involved,  to  the  best 
advantage  of  the  commerce  of  the  port.  In  spite  of  the  author's 
statement  to  the  contrary,  it  is  perfectly  evident  that  railroads  have  a 
powerful  motive  to  foster  the  commerce  of  the  port.  Even  if  it  is 
largely  due  to  self-interest,  it  exists.  They  are  bound  to  j)rotect  them- 
selves, owing  to  the  enormous  investments  alfeady  made  in  terminal 
facilities  at  the  port.  Every  new  scheme  and  railroad  improvement 
should  be  encouraged  by  the  public  authorities  and  commercial 
interests,  as  it  offers  an  additional  guarantee  that  the  railroads  must 
do  their  part  in  the  general  forward  movement.  The  question  is: 
Will  the  other  interests  involved  do  their  share? 

In  conclusion,  it  will  be  pertinent  to  remark,  in  connection  with 
the  second  section  of  the  paper,  that  any  enlarged  canal  scheme  will, 
no  doubt,  contribute  its  share  to  the  general  improvement  in  the 
commerce  of  the  port,  but  it  should  not  be  considered  as  the  panacea 
for  all  ills. 

The  author  claims  that  the  railroads  have  been  practically  the  cause 
of  all  the  trouble,  and  that  they  cannot  be  looked  to  for  a  remedy,  as 
they  are  powerless  to  act,  even  if  they  had  sufficient  motive  and  were 
willing  to  protect  the  commerce  of  the  port.  The  aim  of  this  dis- 
cussion has  been  to  refute  the  view  that  rail  differentials  are  the  sole 
cause  of  the  decline,  and  to  emphasize  that  railroad  companies  are  not 
apathetic,  but  have  every  motive  to  assist  in  protecting  their  own  in- 
terests as  well  as  those  of  the  entire  community.  Further,  that  the 
problem  is  a  very  complex  one,  involving  many  other  interests  besides 
those  directly  controlled  by  the  railroad  comjjanies. 

The  solution  will  not  be  advanced  by  vituperations  and  one-sided 
arguments  throwing  all  the  blame  on  one  interest,  but  requires  impar- 
tial investigation  and  united  action  and  concessions,  not  only  by  the 
railroad  companies,  but  by  all  commercial,  shipping  and  harbor  inter- 
ests, trade  organizations  and  public  authorities.  The  efforts  of  these 
various  non-railroad  interests,  heretofore,  have  been  largely  directed  to 
a  general  arraignment  of  railroad  companies  and  seeking  to  establish 
a  new  so-called  competitive  weapon  with  which  to  fight  the  railroads. 
But  there  is  no  cause  for  such  an  attitude.  Whatever  will  assist  the 
general  prosperity  of  the  port  will,  by  reflex  action,  aid  the  rail- 
roads. Increased  exports  will  bring  increased  imports  and  manu- 
facturing activity,  all  of  which  will  contribute  to  increased  railroad 
earnings. 

An  enlarged  canal  will  undoubtedly  be  of  benefit  to  the  port  and 
cause  the  commerce  of  the  Great  Lakes  to  seek  an  outlet  through  the 
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Port  of  New  York,  thereby  increasing  the  commerce  of  the  port  and  Mr.  Berg^. 
the  general  prosperity  of  the  commtinity.     The  railroad  companies 
will  not  only  benefit  by  the  increased  traffic  thereby  caused  to  and 
from  New  York,  but  will  be  aided  in  successfully  resisting  the  inroads 
now  being  made  and  to 'be  expected  in  the  future  from  the  Canadian 

NEW  YORK'S  PERCENTAGE  OF  EXPORTS  OF  WHEAT,  CORN  AND  OATS,  IN  COMPARISON 
WITH  VARIOUS  GROUPS  OF  PORTS,  ETC.,  FROM  1878  TO  1900. 

0  Porte:- Montreal,  Portland,  Boston,  Philadelphii.  Baltimorf.  Norfolk,  Newport  Nena,  New  Orleans,  and  Galveston. 
7       •'  *'  "  "  "  "  ••  and  Newport  News. 

6     **      Boston,  Philadelphia,  Baltimore,  Norfolk,  and  Newport  News. 


2  Gulf  Ports:-  New  Orleans,  and  Galveston. 

2  North  Atllntic  Ports:-  Montreal  and  Portland. 
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canal,  railroad  and  terminal  improvements,  as  also  the  tendency  for 
the  products  of  the  Northwest  to  seek  southern  outlets.  As  the  author 
has  correctly  stated,  conservatism  and  force  of  habit  in  trade  cause 
traffic  to  follow  certain  well-established  channels  and  outlets,  and,  it 


222         DISCUSSION"  ON  KAILROAD  FREIGHT  DIFFERENTIALS. 

Mr.  Berg,  may  be  added,  along  the  lines  of  least  resistance.  Create  these  con- 
ditions, in  any  way  that  may  seem  best,  so  that  New  York  will  become 
the  natural  outlet  for  the  rapidly  increasing  traffic  from  the  Lakes  and 
the  West,  and  it  will  be  found  that  railroad  companies  and  all  parties 
affected,  including  the  canal  interests,  will  benefit  in  the  general 
prosperity.  The  author  has  stated  correctly  that  conditions  must  be 
created  to  allow  the  development  of  commerce  under- the  natural  laws 
of  trade.  The  truth  of  this  genei-ality  should  be  borne  in  mind  by  all 
interests  concerned  in  the  prosperity  of  the  port,  and  their  eflforts 
directed  to  a  general  improvement  in  all  branches  of  commercial 
activity,  in  place  of  fostering  animosity  against  railroads,  if  the  decline 
in  the  commerce  of  the  port  is  to  be  halted  and  the  glorious  position  of 
New  York  as  the  chief  port  of  the  country  maintained. 
Mr.  North.  Edwaed  P.  NoETH,  M.  Am.  Soc.  C.  E. — It  will  be  noticed  that  the 
yearly  amount  of  the  differentials  mentioned  by  Mr.  Blackmar,  viz. , 
^666  000,  is  treated  from  a  local  jjoint  of  view,  as  if  solely  taken  from 
the  net  resources  of  the  inhabitants  of  the  City  of  New  York.  But  it 
is  apparent  that  by  forcing  freightage  into  inconvenient  and  more 
expensive  channels,  the  differentials  have  compelled  the  producers  of 
the  West  to  contribute  their  full  amount,  not  only  on  all  produce 
reaching  the  Atlantic  seaboard,  but,  so  far  as  values  at  the  point  of 
production  are  governed  by  the  net  receipts  at  the  place  of  consump- 
tion, the  entire  jDroduct  has  had  its  value  to  the  producer  decreased 
pro  rata  by  the  differentials  imposed. 

While  it  is  now  impracticable  to  predict  the  effect  of  the  compara- 
tively new  community  of  interests  between  the  railroads  on  the  present 
l^ractice  of  imposing  differentials  on  the  traffic  of  the  country  in  dis- 
ci'imination  against  the  cheapest  route,  there  seems  to  be  no  ground 
for  expecting  its  discontinuance.  And  the  only  alleviation  of  the 
impost  that  presents  any  certainty  of  automatic  action  seems  to  lie  in 
a  competing  public  waterway  capable  of  passing  the  largest  vessels 
navigating  the  Great  Lakes. 
Vlr.  Green.  Andeew  H.  Gkeen,  Esq.  (by  letter). — This  subject  ought  to  command 
the  attention  of  the  city  authorities  and  of  such  commercial  and 
financial  organizations  as  have  the  welfare  of  the  City  of  New  York  at 
heart. 

The  differential  rates  that  the  railroads  have  taken  the  Hberty  to 
establish,  and  that  work  so  disadvantageously  iipon  the  interests  of 
the  city,  ought  to  be  abolished,  and  New  York  enter  again  upon  the 
advantages  with  which  Nature  has  provided  her. 

The  reasons  that  were  urged  for  the  establishment  of  these  rates 
have  largely  ceased  to  exist,  and  prompt  means  should  be  taken  for 
their  abolition. 

It  is  stated  by  a  high  authority  that: 

' '  An   investigation   of   the   relation  of   differentials    to    the    rates 
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charged  in  1877  aucl  in  1897  shows  that  by  the  decline  in  the  rates,  Mr.  Green, 
which  has  taken  place  during  that  period,  the  differentials  are  now 
even  more  effective  against  New  York  than  when  first  established. 
The  rate  on  wheat  by  rail  from  Chicago  to  New  York  has  fallen  about 
40%  since  1877.  At  that  time  the  percentage  of  the  differentials 
allowed  Philadelphia  and  Baltimore  were,  resijectively,  lOSV  and  18%" 
of  the  rate  on  wheat  charged  from  Chicago  to  these  ports.  In  1897, 
by  reason  of  the  decline  in  the  rate  on  wheat,  tbe  percentage  of  the 
differentials  had  increased  to  19)',(  of  the  rate  to  Philadelphia  and  31% 
of  the  rate  to  Baltimore.  Thus,  by  the  continuous  application  of 
differentials,  originally  established  to  offset  conditions  existing  twenty 
years  ago,  the  beneficial  effect  to  jjorts  soiitli  of  New  York  has  increased 
in  proportion  to  the  decline  in  rates,  and  it  has  been  still  further 
augmented  as  New  York  has  been  disi^ossessed  of  the  advantages  she 
then  enjoyed.  *  *  *  It  is  triie  that  the  influence  exerted  by  the 
differential  rates  is  entirely  disproportionate  to  the  conditions  now- 
existing,  and  therefore  harmful  to  the  interests  of  New  York." 

It  is  a  strange  condition  that  railroad  corjjorations  that  owe  their 
existence  and  their  right  to  conduct  their  business  in  this  State, 
should  be  i^ermitted  to  use  their  powers  to  render  nugatory  the  natural 
advantages  that  the  State  possesses.     It  is  a  clear  case  of  matricide. 

Geoege  Y.  Wisnek,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Blackmar  Mr.  wisner. 
has  given  in  his  admirable  i^ajjer  the  correct  diagnosis  of  the  evil 
arising  from  railroad  freight  differentials,  and  has  i^rescribed  the 
in-oper  remedy  to  restore  normal  conditions  in  transportation  business, 
but  there  is  some  question  whether  the  homoeopathic  dose  which  he 
prescribes  will  be  sufficient  to  completely  eradicate  the  germs  of  the 
evil,  which,  unless  held  in  check,  are  certain  to  kill  the  traffic  on  all 
water  routes,  from  the  Lakes  to  the  Atlantic,  which  cannot  furnish 
better  transportation  facilities  than  existing  lines. 

The  differential  agreement,  in  connection  with  railroad  ownership 
of  the  steamship  freight  lines  on  the  Lakes,  is  one  of  the  most  ingenious 
arrangements  for  controlling  the  routes  that  the  traffic  between  the 
Lake  region  and  the  seaboard  must  follow  which  it  is  possible  to 
devise. 

Under  this  arrangement  the  railroads  best  located  for  furnishing 
cheap  transportation  have  retained  their  full  share  of  the  transporta- 
tion business,  while  other  roads,  where  the  natural  conditions  for 
obtaining  traffic  are  less  favorable,  have  developed  a  large  increase  in 
business  at  the  expense  of  the  traffic  of  the  Erie  Canal. 

The  railroad  differential  agreement  of  1877  became  fully  effective 
about  1880,  since  which  date  the  traffic  of  the  Erie  Canal  has  decreased 
50%,  while  that  of  the  railroads  has  been  trebled. 

When  we  consider  that  this  result  has  been  accomi^lished  with  rail- 
road rates  nearly  double  those  of  the  Erie  Canal,  it  is  quite  evident 
that  the  railroad  freight  differentials  alone  have  not  been  the  only 
influences  which  have  diverted  the  commerce  of  the  Erie  Canal  to  the 
railroad  lines  between  the  Lake  and  Atlantic  ports. 
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Mr.  Wisner.  The  grain  and  package  freight  on  the  Lakes  is  transported  in 
steamers  running  in  connection  with  the  railroad  lines  from  the  Lakes 
to  the  seaboard,  over  which  lines  through  bills  of  lading  are  given 
from  the  Lake  ports  to  the  ocean  terminal. 

The  Chicago  shipper  can  turn  his  elevator  receipts  into  the  bank 
with  each  shipment,  and  get  returns  at  once  with  which  to  continue 
business,  but  with  freight  shipped  by  the  Lakes  and  the  Erie  Canal, 
no  such  arrangement  is  ijossible,  and  even  with  the  12- ft.  barge  canal, 
which  Mr.  Blackmar  advocates  as  a  regulator  of  railroad  combinations, 
it  is  very  doubtfiil  whether  existing  conditions  would  be  much  im- 
proved. 

It  is  generally  admitted  that  such  a  waterway  would  necessitate 
transfer  of  freight  at  Buffalo,  and,  without  the  formation  of  large 
transportation  companies  controlling  freight  steamers  on  the  Lakes 
and  lines  of  barges  on  the  canal,  the  railroad  and  Lake  steamship  lines 
would  still  be  able  to  control  the  movement  of  freight  the  same  as 
under  existing  conditions. 

It  has  been  stated  that  transportation  companies  would  be  formed 
and  barges  built  for  the  route  by  the  time  that  the  waterway  could  be 
completed.  This  would  be  true,  probably,  if  there  did  not  exist  the 
element  of  danger  that  a  cheaper  transportation  route  from  the  Lakes 
to  the  Atlantic  will  be  constructed  long  before  a  12-ft.  barge  canal  could 
be  completed  between  Buffalo  and  the  Hudson  Eiver. 

Capitalists  will  not  expend  large  amounts  in  the  construction  of 
fleets  of  barges  unless  there  is  a  fair  chance  that  the  exjjected  traffic 
will  not  be  diverted  by  the  biiilding  of  other  waterways  better  adapted 
for  the  business,  and  over  which  the  commerce  of  the  Lakes  can  be 
transported  to  the  seaboard  for  a  much  lower  rate. 

It  is  safe  to  say  that  if  the  fact  should  be  established  that  the  water- 
way from  Lake  Erie  to  the  Hudson  is  to  have  a  depth  of  only  12  ft.,  the 
construction  of  a  21-ft.  ship  canal  from  Georgian  Bay  to  Montreal,  via 
the  French  and  Ottawa  Kivers,  would  be  commenced  within  a  year. 

Over  this  route  freight  could  be  carried  from  Chicago  to  Montreal 
for  about  the  same  cost  as  from  Chicago  to  Buffalo,  a  condition  which 
woiild  destroy  all  chance  of  developing  traffic  on  a  barge  canal  from 
Buffalo  to  the  Hudson,  except  for  the  distribution  of  products  for  home 
consumption. 

If,  instead  of  a  12-ft.  barge  canal,  a  waterway  of  sufficient  dimen- 
sions be  constructed  to  allow  the  passage  of  the  best  modern  Lake 
freight  carriers,  it  would  be  impossible  for  any  railroad  combination 
to  comi^ete  with  any  better  success  than  with  the  present  steamship 
transportation  on  the  Great  Lakes. 

With  the  facilities  for  transportation  which  now  exist,  and  which, 
in  the  ox)inion  of  the  writer,  will  not  be  materially  improved  by  the 
construction  of  a  12-ft.  barge  canal,  the  railroad  companies  have  no 
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motive  for  changiug  the  differential  freight  arrangement,  and,  as  Mr.  Mr.  Wisner. 
Blackmar  Las  clearly  shown,  could  not  discontinue  it,  even  if  to  the 
interest  of  some  of  the  companies  to  do  so. 

The  necessary  action  to  correct  the  unjust  discrimination  from  rail- 
road freight  differentials  involves,  to  a  large  extent,  a  correct  interpre- 
tation of  the  problems  discussed  recently  in  the  papers  on  Canals 
between  the  Lakes  and  New  York.* 

That  discussion  pretty  thoroughly  established  the  fact  that  any 
waterway  requiring  transfer  of  freight  at  Buffalo  would  not  prevent  or 
satisfactorily  modify  the  evils  of  existing  transi:)ortation  arrangements, 
but,  in  regard  to  the  maximum  limit  of  dimensions  of  waterways  to 
produce  the  most  beneficial  results,  there  seems  to  be  a  diversity  of 
opinion  which  it  is  difficult  to  reconcile  with  the  fact  that  most  of  the 
elements  necessary  for  the  solution  of  the  problems  are  faii-ly  well  deter- 
mined. 

This,  however,  is  largely  due  to  some  of  the  conclusions  being  based 
upon  assumed  data  instead  of  ujion  well-established  facts  relative  to 
the  volume  and  transport  rates  of  Lake  and  ocean  commerce,  and  upon 
the  cost  to  maintain  waterways  of  difl'erent  dimensions  through  the 
Lakes  and  from  the  Lakes  to  the  Atlantic. 

Mr.  Blackmar  states  that,  "according  to  the  report  of  the  Roose- 
velt Commission  on  Canals,  60  000  000  tons  will  not  over-estimate 
the  freight  traffic  on  the  Lakes  in  1898."  This  amount  is  probably 
50%  in  excess  of  the  actual  amount  of  freight  carried  on  the  Lakes 
in  1898. 

The  table  of  tonnage  given  in  the  report  of  the  Commission  on 
Canals,  with  a  few  exceptions,  is  compiled  from  the  statistics  of  the 
entrances  and  clearances  at  the  different  Lake  jjorts,  and  includes  the 
tonnage  of  passenger  steamers  and  of  freight  carriers  entering  and 
leaving  ports  without  any  cargo  whatever,  thus  making  the  volume  of 
registered  tonnage  largely  in  excess  of  actual  freight  carried. 

L.  E.  Cooley,  M.  Am.  Soc.  C.  E.,  wrote  a  discussion  on  the  j^apers 
on  "Canals  between  the  Lakes  and  New  York,"t  which  was  not  pub- 
lished in  the  Proceedings,  and  was  not  available  at  the  time  that  the 
writer  submitted  his  final  discussion  of  those  papers,  and  did  not 
receive  the  consideration  which  should  have  been  given  it. 

The  conclusions  reached  by  Mr.  Cooley  are  apparently  based  upon 
assumptions  which  should  be  carefully  considered  before  being  given 
very  much  weight. 

The  dependence  of  the  cost  of  transport  upon  the  capacity  of  the 
freight  carrier,  the  speed  in  restricted  channels,  the  length  of  haul,  the 
cost  to  construct  and  maintain  the  waterway,  the  average  detention  at 
terminals,  and  the  actual  expenses  of  conducting  the  transportation 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlv,  June,  1901. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlv,  June,  1901,  p.  303. 
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Mr.  Wisner.  business,  are  such  that  any  material  modification  of  these  factors  -will 
make  a  radical  difference  in  the  resulting  relative  values  of  the  different 
systems  and  methods  of  transportation.  All  these  elements  are  now 
sufficiently  well  established,  and  there  should  not  be  any  legitimate 
reason  for  any  great  variation  in  the  values  used. 

Mr.  Cooley,  in  his  discussion,  assumes  certain  relative  amounts  for 
the  cost  of  transport  on  railroads,  ocean  steamers,  lake  steamers  and 
barges,  which  the  writer  is  unable  to  reconcile  with  the  rates  reported 
in  commercial  and  Government  rejDorts.  He  assumes  the  rates  for 
actual  ocean  carriage  at  |  mill  per  ton-mile,  and  for  Lake  and  21-ft. 
waterway,  at  If  times  the  ocean  rate. 

The  rates  for  ocean  freights  (New  York  to  Liverpool),  given  in  the 
rejjort  of  the  New  York  Produce  Exchange  and  in  the  report  of  the 
Committee  on  Canals  of  New  York  State,  varies  from  0.6  mill  per  ton- 
mile  for  wheat  to  1.4  mills  for  flour  and  provisions,  or  an  average  of 
1.0  mill  per  ton-mile.  Similar  freight  from  Chicago  to  Buffalo  varies 
from  fO.50  to  $1.00  per  ton,  or  an  average  of  about  0.8  mill  per  ton- 
mile,  including  terminal  expenses. 

By  using  the  actual  cost  of  maintaining  and  running  modern 
freight  carriers,  and  adding  the  fixed  charges  for  the  cost,  maintenance 
and  operation  of  a  21-ft.  waterway,  it  can  be  shown  that  package 
freight  can  be  carried  from  Chicago  to  New  York  with  a  fair  profit  to 
the  shipowner  for  less  than  1.0  mill  per  ton-mile,  and  since  the  ocean 
rate  for  similar  freight  is  fully  as  large,  it  is  difficult  to  conceive  why 
the  Lake  and  waterway  rate  should  be  assumed  at  If  times  that  of  an 
ocean  carrier  on  the  ocean  and  through  a  30-ft.  waterway  to  the  Lake 
ports. 

Mr.  Cooley  states  that  his  rate  of  i  mill  per  ton-mile  for  actual  ocean 
carriage  corresponds  to  $1.20  per  ton  between  New  York  and  Liverpool, 
and  $0.79^  between  Chicago  and  Buffalo  by  Lake,  but,  since  the  actual 
average  rate  from  New  York  to  Liver^jool  is  reported  at  $'S  per  ton, 
Mr.  Cooley  should  give  some  authority  for  the  rates  on  which  his  con- 
clusions are  based,  which  differ  so  widely  from  the  rates  quoted  in  the 
commercial  and  Government  reports  of  domestic  and  foreign  trade. 

Mr.  Cooley  omits  the  fixed  charges  for  deepening  and  maintaining 
Lake  harbors  for  30-ft.  navigation,  which  would  add  over  $1  000  000  to 
the  annual  expense  account;  and  he  assumes  that  the  "over-ocean 
movement,"  using  the  waterway,  would  amount  to  24  000  000  tons 
annually.  The  capacity  of  a  single-lock  canal  would  not  be  much  more 
than  this  assumed  foreign  movement,  and,  since  the  domestic  traffic  on 
the  waterway  would  be  fully  as  large  as  the  foreign  freight,  the  fixed 
charges  should  be  increased  for  the  cost  to  construct  and  maintain  a 
duplicate  system  of  locks,  or  else  the  estimated  movement  on  deep- 
draiight  ocean  steamers  through  the  canal  should  be  greatly 
diminished. 
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Since  lirodticfcs  for  domestic  distribution  can  be  transported  more  Mr.  Wisner. 
cheaply  in  freight  carriers  adapted  to  the  Lake  and  waterway  routes 
than  in  an  ocean  steamship,  the  domestic  traffic  shoukl  not  be  used  as 
a  part  of  the  over-sea  movement. 

It  is  true  that  the  economical  freight  carriers  of  the  Lakes  could  use 
the  30-ft.  waterway,  and  make  a  little  better  speed  than  in  a  21-ft. 
waterway,  but  the  saving  in  time  will  by  no  means  warrant  the 
expenditures,  and,  therefore,  in  estimating  the  advantages  of  the 
deeper  waterways,  only  such  commerce  should  be  considered  as  will 
be  benefited  by  the  increased  facilities. 

With  the  rates  which  have  been  established  by  years  of  close  com- 
petition on  both  the  ocean  and  the  Lakes,  and  the  accurate  estimates 
of  cost  to  construct  and  maintain  waterways  of  different  dimensions 
from  the  Lakes  to  the  Atlantic,  based  on  the  extensive  surveys  and 
investigations  made  by  the  General  Government  and  the  State  of  New 
York,  there  seems  to  be  no  legitimate  reason  for  assuming  data,  in  the 
discussion  of  rates,  which  are  at  variance  with  these  determined  values, 
and  if  such  established  rates  and  estimates  are  used  by  all  investigators 
as  fully  as  the  conditions  will  permit,  the  resulting  comparative  values 
of  proposed  water  routes  should  not  dififer  materially. 

William  G.  Eavmond,  M.  Am.  Soc.  C.  E.  (by  letter). — In  order  to  Mr.  Raymond, 
discuss  this  paper  properly  one  should,  j^erhaps,  be  familiar  with  all 
the   details  of  differentials,  for  the  differential  is  the  burden  under 
which  it  is  supposed  New  York  City  is  laboring. 

Again,  one  should  perhaps  be  familiar  with  the  possibilities  of  rail 
and  water  transportation,  both  as  to  cost,  tariff  and  shipping  methods. 
It  would  be  absolutely  necessary  for  one  to  be  versed  in  these  and  to 
discuss  the  subject  in  detail  were  it  not  that  Mr.  Blackmar  fails 
entirely  to  prove  a  case.  It  is  left  so  that  even  a  layman  may  see  its 
faults,  and  a  layman  will  attempt  to  show  some  of  them. 

Mr.  Blackmar's  contentions,  neither  of  which  is  substantiated,  are 
these: 

1.  Railroad  differentials  have  resulted  in  sending  to  other  Atlantic 
ports  traffic  properly  tributary  to  New  York;  this  is  an  evil  needing  a 
remedy. 

2.  An  adequate  canal  across  New  York  State  is  the  only  agent  that 
can  secure  the  one  remedy,  namely,  the  creation  of  "  such  conditions 
that  the  natural  operation  of  the  laws  of  trade  prohibit  the  discrimina- 
tion "  of  the  railroads. 

In  these  contentions  Mr.  Blackmar  simply  sets  up  a  wooden  man 
and  proceeds  to  knock  it  down;  he  does  not  even  set  his  effigy  firmly 
on  its  feet. 

In  order  to  make  this  case  clear  the  i^rocedure  should  have  been 
somewhat  as  follows: 

1.  It  should  be  shown  what  traffic  is  properly  tributary  to  New 
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Mr.  Raymond.  York;  that  some  of  tliis  traffic  Las  been  diverted  elsewhere;  that  this 
diversion  is  the  result  of  some  interference  with  the  "  natural  opera- 
tion of  the  laws  of  trade,"  and  that  this  interference  is  the  rail  differ- 
ential. 

2.  A  remedy  cotild  then  be  suggested,  and,  if  possible,  demon- 
strated beyond  reasonable  doubt  to  be  a  cure  and  to  insure  the 
"  natural  operation  of  the  laws  of  trade." 

Probably  Mr.  Blackmar  supposes  he  has  accomplished  these  results, 
but  an  endeavor  will  be  made  to  show  that  he  has  not  proved  that  any 
traffic  is  j^roperly  tributary  to  New  York;  that  he  has  not  shown  the 
diversion  of  any  traffic  from  New  York;  that  he  has  not  shown  any 
interference  with  the  "  natural  operation  of  the  laws  of  trade,"  and 
that  he  has  not  shown  even  that  the  rail  differential  is  wholly  or  largely 
responsible  for  the  lessened  percentage  of  traffic  received  at  the  Port 
of  New  York,  though  he  does  show  the  fact  that  New  York  now  receives 
a  smaller  i^ercentage  of  grain  and  flour  than  formerly,  when  the  Erie 
Canal — an  artificial  highway — was  the  only  j^racticable  route  from  the 
West  to  the  Atlantic  seaboard. 

Traffic  received  at  any  port  may  be  divided  into  two  classes:  That 
for  local  consumption  and  distribution  to  the  surrounding  territory; 
and  that  for  export.  The  first  class  is  certainly  naturally  tributary  to 
the  port;  the  second  class  is  naturally  tributary  only  in  so  far  and  so 
long  as  the  port  is  a  point  on  the  line  of  least  resistance  from  the  field 
or  door  of  the  shi^jper  to  the  door  of  the  consignee. 

Imagine  a  long  water-pipe  leading  from  a  pump  to  some  j)oint  of 
discharge  and  ojien  only  at  the  end.  All  the  water  pumped  in  goes  to 
the  end  of  the  i^ipe  and  if  that  end  is  in  New  York,  New  York  gets 
lOOj^  of  the  water  pumped.  Let  now  a  small  lateral  leading  to  Phila- 
delphia be  introduced  into  the  pipe;  no  matter  how  small  it  is  some 
water  will  go  through  it,  and  New  York  will  no  longer  get  100^  of  the 
water  pumped. 

As  laterals  multiply,  to  Boston,  to  Baltimore,  and  to  Newj^ort 
News,  New  York  will  receive  a  smaller  and  smaller  percentage  of  all 
the  water  pumiced.  As  the  demand  for  water  increases  the  pumps  are 
worked  harder,  new  ones  are  added,  each  locality  receives  more  water 
than  before,  and  this  may  help  the  percentage  of  New  York  unless  at 
the  same  time  Philadelphia's  demand  has  outgrown  the  caj^acity  of 
her  lateral  and  a  larger  one  is  laid. 

Imperfect  as  is  the  analogy,  it  will,  perhaps,  help  to  emphasize  the 
fact  that  as  other  ports  grow  in  importance  and  increase  their  facilities 
for  receiving  and  shipping  export  traffic,  that  i^ort  which  originally, 
because  of  some  great  advantage,  controlled  practically  all  the  busi- 
ness must  expect  to  lose  in  relative  amount — and  should  be  well  satis- 
fied if  it  maintains  its  position  as  the  jarincipal  port  of  the  land. 

A  i3ort  may  be  on  a  line  of  least  resistance  for  export  traffic  because 
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of  its  peculiar  geographical  position;  because  of  the  excellence  of  its  Mr.  Raymond, 
service  by  inland  and  water  transportation  lines;  or  for  both  reasons. 
New  York  has  the  advantage  of  geographical  position,  and  excellence 
of  water  service.  Water  service  depends  on  the  accessibility  of  the 
port,  the  character  of  its  harbor,  and  its  dockage  and  storage  facili- 
ties; in  these  items  New  York  may  always  have  the  advantage  of  all 
other  American  ports. 

As  to  inland  service:  Before  there  were  railroads  of  nuxch  efficiency, 
New  York  had,  in  the  Erie  Canal,  a  distinct  advantage  over  other 
l^orts.  As  railroads  multiplied  in  number  and  efficiency  the  Erie  Canal 
became  less  and  less  a  factor,  so  that  it  may  be  fairly  said  that  to-day 
New  York  is  not  better  served  in  proportion  to  her  needs  than  are 
several  other  Atlantic  ports. 

However,  there  are  no  ports  that  ever  will  or  can  have  the  advantage 
of  New  York  in  inland  service,  and  since  none  can  ever  hope  to  equal 
New  York  in  w"ater  service,  so  New  York  must  always  be  the  chief 
American  port.  But  New  York  cannot  hope  to  always  control  all  the 
export  traffic.     If  it  could  there  would  be  no  other  ports. 

As  other  ports  increase  in  number  and  in  population  and  excellence 
of  service  both  by  water  and  rail,  just  so  surely  will  they  secure  increas- 
ing quantities  of  export  traffic  to  load  the  incoming  vessels,  and  just 
so  surely  must  New  York  lose  in  j^ercentage  of  the  Avhole  export  traffic, 
though  losing  nothing,  but  rather  gaining,  in  absolute  volume.  The 
large  percentage  of  the  export  traffic  which  was  once  naturally  tribu- 
tary to  New  York  is  no  longer  naturally  tributary  to  that  port. 
Improved  rail  transportation  and  comi^etition  have  in  various  ways 
made  it  easier  for  some  traffic  to  go  by  other  lines. 

One  of  these  ways  may  be  the  rail  diflterential.  To  attribute  New 
York's  whole  loss  in  relative  traffic  to  this  cause  is  absurd.  It  has 
been  due  to  the  perfectly  "  natural  operation  of  the  laws  of  trade  "  to 
increase  in  corn  production  and  the  facilities  for  getting  it  to  its 
natural  market,  a  southern  port;  to  the  inci'ease  in  importance  of  the 
Pennsylvania  iron  industry  naturally  tributary  to  Philadelphia  or 
Baltimore;  to  the  change  in  the  center  of  the  milling  business,  by 
which  the  greater  portion  of  flour  is  made  nearer  Baltimore  than  New 
York;  and  to  many  other  caiises  that  cannot  be  specified. 

Corn  is  a  southern  and  southwestern  product,  and  that  it  should 
ever  have  found  its  way  in  great  quantities  to  New  York  must  have 
been  due  to  lack  of  proper  facilities  for  transiaorting  it  to  and 
marketing  it  at  the  southern  ports  to  which  it  is  naturally  tributary 
because  of  its  geographical  position. 

There  are  probably  no  data  available  that  will  tell  to  what  extent 
the  differential  is  responsible  for  the  diversion  of  traffic  from  New 
York,  but  there  are  some  figures  which  may  give  a  little  indication  as 
to  what  this  effect  has  been. 
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Raymond.  Mr.  Blackmar  states  that  the  lake  and  rail  differential  is  not  only 
a  discrimination  against  New  York  in  favor  of  Philadelphia  and 
Baltimore,  but  it  is  a  discrimination  against  Buffalo  in  favor  of  Fair- 
port  and  Erie. 

Let  the  effect  of  this  discrimination  against  Buffalo  be  looked 
into. 

Grain  is  about  the  only  item  that  can  be  considered,  because  it  is 
the  only  very  large  item  of  exj^ort  traffic  originating  along  or  beyond 
the  Lakes.  Almost  every  one  of  the  many  Lake  ports  receives  some 
ex-lake  grain,  either  for  local  distribution  or  transhipment,  and 
hence  Buffalo  cannot  expect  to  be  the  only  Lake  port  receiving  such 
grain.  What  may  be  its  fair  share  of  such  traffic  may  not  be  deter- 
mined, but  in  1900  it  received  aboiit  86^  of  the  ex-lake  grain,  while 
Erie  and  Fairport  combined  received  about  6. 2%  of  the  traffic.  Does 
this  look  as  if  the  differentials  had  seriously  hurt  Buffalo,  even  assum- 
ing, what  is  probably  not  true,  that  the  differential  is  responsible  for 
all  the  grain  received  at  these  two  newer  ports.  Is  the  diversion  of 
this  portion  of  the  Lake  export  traffic  sufficient  cause  for  any  costly 
canal  construction  ?  But  it  is  asserted  that  the  greater  part  of  this 
ex-lake  differential  has  been  abolished. 

Again,  Mr.  Blackmar  states  that  for  the  four  years  preceding  the 
differential  agreement  New  York  secured  bl.1%  of  all  the  flour  and 
grain  received  at  six  Atlantic  jjorts,  while  in  the  four  years  last  passed 
New  York's  percentage  was  .36.9,  and  a  similar  statement  is  made  con- 
cerning exports.  "Why  is  this  sort  of  comparison  made  ?  Why  com- 
pare conditions  in  1875  with  conditions  twenty-five  years  later,  and 
attribute  the  whole  change  to  the  operation  of  the  differential  ? 

Has  there  been  no  legitimate  progress  in  the  other  ports  in  twenty- 
five  years  ?  If  the  differential  alone  produced  this  effect,  it  should 
have  accomplished  it  in  much  less  than  twenty-five  years — notwith- 
standing "conservative  tendencies,"  which  are  notoriously  of  little 
effect  in  America. 

Is  it  hoped  by  the  construction  of  a  costly  canal  to  re-divert  that 
traffic  which  has  become  naturally  tributary  to  these  other  ports  ? 

If  this  could  be  done,  and  various  recent  articles  in  The  Railroad 
Gazette  and  EiKjineering  News  have  shown  it  to  be  at  least  problem- 
atical, and  should  be  done  at  the  expense  of  New  York  State,  these 
other  ports  would  perhajjs  have  very  little  to  say,  but  would  insist 
on  still  larger  diflerentials  to  ofi'set  the  unnatural  advantage  secured 
by  New  York.  Biit  if  it  were  done  at  national  charge,  would  uot  these 
same  other  ports  have  a  just  grievance  ? 

And  not  only  the  other  ports,  but  the  transportation  comjjanies. 
It  is  the  settled  policy  in  this  country  to  leave  the  transportation  busi- 
ness to  private  interests.  Government  reserving  only  such  control  as 
shall  prevent  unjust  discrimination  in  charges.     Under  this  policy. 
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great  railroads  and  great  steamship  lines  have  come  into  existence.  Mr.  Raymond. 
Government  has  done  much  for  the  steamshij^  companies  in  the  way  of 
improving  harbors  and  channels;  and,  in  helping  navigation,  Govern- 
ment has  in  some  measure  indirectly  assisted  the  railroads.  But  for 
Government  to  sjDend  $300  000  000  or  any  other  sum  in  biiilding  an 
artificial  waterway  for  the  free  use  of  the  owners  of  water  craft  in  direct 
competition  with  established  railroad  lines,  or,  if  a  toll  is  charged, 
lending  Government  credit  to  such  companies  for  the  building  of  their 
l^ermanent  way,  would  be  a  commercial  crime;  and  it  would  be  a 
double  crime  for  Government  to  provide  the  necessary  money  by  any 
form  of  taxation  that  would  comjiel  the  railroad  companies  to  pay  a 
portion  of  the  cost. 

But  this  is  a  digression ;  we  will  return  to  Mr.  Blackmar's  figures. 

As  has  been  already  stated,  corn  is  certainly  naturally  tributary  to 
southern  leather  than  northern  jjorts,  but — including  corn — the  receipts 
of  grain  at  New  York  in  1900  were  about  4ilh%  of  the  total  receipts  at 
the  six  Atlantic  ports  mentioned,  the  receipt  of  flour  about  SOA^o  ^'id 
the  receipt  of  grain  at  New  York  twice  the  receijits  of  any  other  port. 
Now,  excluding  corn,  the  receipts  of  grain  at  New  York  in  1900  were 
about  53^%  of  the  total  receipts  at  the  six  jiorts  mentioned,  and  about 
three  times  the  receipts  of  any  other  port.  This  does  not  look  like  a 
diversion  of  magnitude  due  to  the  diff'erential. 

Such  different  conditions  govern  the  shipment  of  the  various  kinds 
of  grain  and  grain  products  that  it  is  manifestly  improper  to  lump 
them  in  such  a  discussion  as  this.  The  truth  is,  that,  considering 
these  same  six  ports.  New  York  has  lost  in  relative  receipts  about  50j^ 
of  flour,  21%  of  wheat  and  44_J'^  of  corn.  A  considerable  portion  of  the 
loss  in  wheat  has  been  lost  to  Boston  rather  than  to  southern  jiorts. 
New  York  still  secures  over  50%  of  the  wheat  and  oats— naturally 
northern  products — while  New  York  and  Boston  together  receive  over 
71%  of  these  products. 

Taking  into  account  the  natural  operations  of  the  laws  of  trade  dur- 
ing twenty-five  years,  it  is  not  probable  that  the  rail  differential  has 
worked  much  harm  to  the  Port  of  New  York. 

This  brief  exposition  finds  support  in  Mr.  Blackmar's  own  argu- 
ment, for  he  has  furnished  good  ground  for  doubt  as  to  the  soundness 
of  his  i^osition  when  he  tells  us  in  the  opening  paragraphs  of  his  paper 
that  the  Interstate  Commerce  Commission  has  looked  very  thoroughly 
into  this  matter,  and  has  decided  that  such  differentials  as  exist  con- 
stitute neither  unjust  nor  unreasonable  discrimination  against  the  Port 
of  New  York. 

Mr.    Blackmar,   in  s^Dcaking  of  the  east-bound  Lake  trafiic,  says: 

' '  The  greater  part  of  this  traffic  is  in  the  coarser  jiroducts,  and  the 
natural  destination  is  the  Port  of  Buffalo,  *  *  *  and  the  natural 
outlet  is  the  Erie  Canal. " 


232       Discussioisr  on  railroad  freight  differentials. 

Mr.  Raymond.  Tliis  is  mere  assertion,  and  may  be  met  by  the  simple  fact  tliat  the 
Erie  Canal  cannot  carry  the  freight,  and  the  railroads  can  and  do 
carry  it  at  a  less  total  cost  than  the  canal  imposes. 

Why,  then,  is  the  natural  outlet  the  Erie  Canal?  It  is  fair  to  say 
that  the  natural  outlet  will  be  the  Erie  Canal  when  that  canal  is 
made  better  than  the  railroad,  which  can  be  shown  to  be  impossible 
at  a  cost  commensurate  with  the  value  of  the  improvement. 

Mr.  Blackmar,  after  insisting,  in  spite  of  the  assertion  of  the  Inter- 
state Commerce  Commission  to  the  contrary,  that  the  differentials  are 
wrong,  and  work  an  unjust  discrimination  against  New  York  City, 
Buffalo  and  other  cities  in  New  York  State,  asks:  "Is  thex'S  any 
remedy,  and  if  so,  what?  " 

It  is  really  not  clear  that  Mr.  Blackmar  has  discovered  any  disease 
that  needs  a  remedy.  In  a  country  as  great  as  the  United  States, 
with  as  many  miles  of  sea  coast,  and  as  many  good  harbors,  there 
would  indeed  be  indication  of  disease  if  one  port  should  forever  main- 
tain a  given  relative  supremacy  in  traffic  in  one  commodity,  to  say 
nothing  of  all  commodities,  over  all  other  ports.  Somewhere  there 
would  be  not  only  illness,  but  death. 

The  need  for  a  remedy  for  the  ills  imagined  by  Mr.  Blackmar  is 
doiTbtful,  but  it  may  be  well  to  consider  one  or  two  errors  that 
develop  in  the  course  of  his  argument.  It  is  stated  that  the  tax,  the 
differential,  does  not  apply  to  that  portion  of  grain  brought  to  New 
York  by  canal.  It  is  not  admitted  now  that  any  portion  of  grain 
received  at  New  York  pays  the  differential  over  and  above  a  fair 
freight  rate;  but  granted  for  the  argument  that  locally-consumed 
rail-carried  grain  does  j)ay  such  a  tax  over  and  above  a  fail'  rate,  it 
follows  that  locally-consumed  canal  grain  pays  jirecisely  the  same 
tax;  for  it  has  long  been  well  known  by  all  persons  not  wilfully  or 
accidentally  blind  to  the  real  situation,  that  the  railroad  makes  the 
rate,  and  the  canal  boatman  goes  enough  under  to  get  some  business. 
The  railroad  has  been  the  regulator  of  rates,  has  forced  the  canal 
almost  out  of  business,  and  to-day  the  canal  carries  only  such  grain 
as  the  railroad  concedes  to  it.  The  differential  exists  in  the  canal 
rate  just  as  certainly  as  it  exists  in  the  rail  rate. 

Again,  speaking  of  the  enlarged  navigable  waterway  between 
Lake  Erie  and  the  Hudson  River  as  the  one  remedy  that  is  sure 
and  effective,  Mr.  Blackmar  says;  "This  agency  can  never  make 
agreements  with  railroads  to  divert  traffic  to  any  other  ports," 
etc.,  etc. 

The  control  of  the  traffic  of  a  canal  of  limited  capacity  is  in  these 
days  a  simple  matter,  and  just  so  surely  as  such  a  waterway  is  buiit 
to  work  harm  to  established  railroads,  just  so  surely  will  the  railroads 
control  it,  and  make  agi-eements  that  will  protect  themselves. 

Again,  Mr.    Blackmar  states   that  it  has  never  been  claimed  that 
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rail  rates  of  2.5  mills  per  ton-mile  have  been  profitable  to  the  rail-  sir.  Raymond, 
roads,  except  to  aid  in  the  destruction  of  the  canal. 

This  is  quite  contrary  to  the  fact.  Such  claims  have  been  made, 
and  it  may  be  easily  demonstrated  that  siich  rates  are  profitable  in 
themselves. 

But  rates  have  always  been,  and  will  always  be,  fixed  by  what  the 
traffic  will  bear;  which  means,  when  intelligently  interpreted,  fixing 
siich  a  rate  that  the  net  return  to  the  transportation  company  will  be 
a  maximum.     And  this  applies  to  water  rates  as  well  as  to  rail  rates. 

From  present  indications  it  will  probably  be  but  a  short  time,  if 
it  is  not  now,  before  the  Lake  traffic  will  be  controlled  by  the  rail- 
roads. 

If  the  Great  Lakes  can  be  so  controlled,  how  long  will  a  canal 
across  New^  York  State  be  a  potent  factor  in  controlling  freight  rates 
to  a  degree  that  will  in  anywise  compensate  for  the  enormous  outlay 
involved? 

The  truth  is  that  the  Erie  Canal  has  come  to  be  a  great  political 
jjower,  and  neither  party  in  the  State  dares  oppose  its  continiiance. 
Meanwhile  the  conviction  is  rapidly  spreading  that  it  is  a  "hindrance 
to  the  commercial  prosperity  of  the  State,"  and  it  is  probably  true 
that  within  a  few  years  the  party  that  advocates  the  abolition  of  the 
canal,  which  imposes  a  tax  on  the  many  for  some  small  benefit  to  a 
few;  which,  more  than  any  one  agency,  is  instrumental  in  degrading 
New  York  State  politics;  and  which,  in  spite  of  assertions  to  the  con- 
trary, can  be  shown  to  have  cost  the  State  many  millions  of  dollars 
more  than  the  State  has  received  from  it,  though  it  is  granted  that  it 
has  served  a  good  purpose  in  the  past;  this  party  will  be  i^laced  in 
control  of  the  State  by  an  overwhelming  majority. 

Summing  up  what  it  is  hoped  has  been  at  least  suggested : 

1.  Mr.  Blackmar  has  not  shown  what  traffic  is  properly  tribiitary 
to  New  York;  that  any  such  traffic  has  been  diverted  by  unnatural  or 
imi^roper  methods;  that  the  Lake  and  rail  diflerential  has  injured 
Bufialo  to  any  serious  extent;  that,  indeed,  any  ailment  exists  reqiiir- 
ing  heroic  measures  by  State  or  Nation  to  cure. 

2.  Mr.  Blackmar  has  by  no  means  shown  that  the  agency  he  sug- 
gests will  accomplish  the  result  he  desires. 

Herman  Conrow,  Jun.  Am.  Soc.  C.  E.  (by  letter). — A  great  deal  of  Mr.  Conrow. 
light  has  been  thrown  ujDon  the  merits  of  the  various  schemes  of  water 
communication  between  the  Lakes  and  New  York  by  the  papers  and 
discussions  of  the  last  three  years.     There  are  still  some  jDhases  of  the 
question,  however,  which  have  not  been  discussed. 

So  much  has  been  written  concerning  the  "  decline  of  commerce  at 
the  Port  of  New  York  "  that  by  many  it  is  apjsarently  accepted  without 
question  as  a  fact.  Because  formerly  70^o  t)i  the  export  trade  of  the 
United  States  cleared  from  that  port,  it  is  claimed  that  as  this  high  per- 
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Mr.  Conrow.  centage  has  not  been  maintained,  necessarily  the  foreign  commerce  has 
declined.  But  the  idea  that  the  Port  of  New  York  should  at  the 
present  time  and  for  all  future  time  export  70^^  or  any  fixed  percentage 
of  the  products  of  this  country  is  a  gross  reflection  upon  the  size  and 
resources  of  the  United  States. 

The  rate  of  growth  of  the  commerce  of  New  York  is  a  very  difficult 
thing  to  determine.  There  are  two  classes  of  statistics  which  are 
readily  accessible,  viz.,  the  values  of  exports  and  imports  and  the  net 
registered  tonnage  of  vessels  entering  and  clearing  from  the  port. 
There  are  no  statistics  which  show  the  tonnage  of  commerce  entering 
and  clearing  from  the  ports  of  the  United  States,  except  as  it  may  in 
part  be  obtained  from  the  values  and  quantities  given.  It  is  obvious 
that  statistics  based  upon  values  alone  cannot  be  depended  upon  to 
show  either  growth  or  decline,  for  the  commerce  of  the  Port  of  New 
York  might  consist  of  exports  of  gold  and  imports  of  diamonds — 
swelling  the  values  to  enormous  figures — yet  the  entire  commerce  use 
but  a  single  shijD.  In  this  case  it  could  not  properly  be  claimed  that 
the  commerce  of  the  port  was  growing.  Nor  can  statistics  of  the  net 
tonnage  of  vessels  entering  or  clearing  be  depended  upon  to  show 
anything  more  than  the  general  direction  of  growth  or  decline;  and 
even  when  values  and  tonnage  are  taken  in  conjunction,  the  results 
must  be  accepted  with  a  great  deal  of  caution. 

The  idea  that  the  commerce  of  the  Port  of  New  York  is  declining 
seems  to  have  originated  in  the  falling  ofi'  in  the  export  grain  trade, 
and  also  because  the  years  following  the  "boom"  years,  1879-1883, 
showed  a  decline  of  both  values  and  tonnage.  Times  of  industrial 
expansion  and  industrial  depression  follow  each  other  with  more  or 
less  regularity,  and  he  who  uses  statistics  should  not  lose  sight  of  the 
fact  that  figures  for  "boom"  years  cannot  safely  be  comj^ared  with 
those  of  "  iianic  "  years,  if  it  is  desired  to  obtain  trustworthy  results. 

Nobody  questioned  that  the  United  States  as  a  whole  was  growing 
from  1881  to  1891,  yet  the  total  exports  of  the  United  States  were 
valued  at  .|;18  000  000  less  in  1891  than  in  1881,  and  in  no  intervening 
year  had  the  figures  for  1881  been  exceeded.* 

The  facts  are,  that,  for  the  four  years,  1880-1883,  the  average  value 
of  the  foreign  commerce  of  New  York  was  $847  000  000  per  year.  For 
the  four  years  1897-1900  the  average  value  was  $1  065  000  000,  showing 
a  growth  of  about  20%  in  17  years.  The  average  net  tonnage  for  the 
four  years,  1880-1883,  of  the  vessels  engaged  in  foreign  commerce 
cleared  at  the  Port  of  New  York  was  7  085  000  tons,  while  the  average 
tonnage  for  the  four  years,  1897-1900,  was  7  390  000  tons.  It  must  be 
remembered,  that  this  is  not  conclusive  evidence  that  the  tonnage  of 
commerce  has  increased,  for  part  of  the  increase  is  probably  due  to 
the  present  use  of  very  large  steamers,  the  net  tonnage  of  which  is 
*  "Statistical  Abstract  of  the  United  states."    1900. 
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large  compared  with  tlieir  actual  tonnage.     But,  when  taken  in  con-  Mr.  Conrow. 
nection  with  the  increase  in  values,  it  is  fairly  conclusive  evidence  that 
the  foreign  commerce  of  the  port  has  not  declined. 

The  falling  off  in  the  commerce  of  New  York  from  the  "boom  " 
years,  18^0-1883,  until  the  "  panic  "  years,  1893-1896,  and,  during  the 
same  period,  the  decline  of  commerce  on  the  canals  of  New  York  State, 
gave  rise  to  the  belief  that  the  decline  (or  more  correctly  speaking, 
the  slow  growth)  of  the  commerce  of  the  Port  of  New  York  was  caused 
by  the  decline  of  commerce  on  the  Erie  Canal.  In  reality,  the  decline 
of  the  Erie  Canal  has  had  but  little  to  do  with  the  retarded  growth  of 
New  York's  foreign  commerce.  The  real  causes  lie  deeper,  and  can  be 
traced  in  every  case  to  the  same  sources,  namely,  the  great  increase  in 
population  living  on  or  near  New  York  Harbor,  and  the  physical  limi- 
tations of  that  port. 

The  ways  in  which  an  increasing  number  of  people  affect  the 
foreign  commerce  to  its  detriment  are  many.  The  constantly  increas- 
ing ferry  traffic  and  the  using  of  slips  for  local  transportation  pur- 
poses; the  use  of  land  on  the  water-front  for  bridge  abutments;  the 
larger  number  of  piers  and  bulkheads  for  the  handling  of  coal,  ice, 
building  materials  and  food  supplies  necessary  for  an  increasing 
number  of  people;  the  constantly  increasing  demand  for  excursion 
boats  with  the  attendant  use  of  piers;  the  growing  demands  of  the 
coastwise  trade  and  of  passenger  lines  of  the  tj-pe  of  the  Fall  River 
and  Albany  boats;  the  location  of  power-houses,  gas-works  and 
factories  on  the  water-front;  the  increasing  amount  of  water-front  set 
aside  by  law  for  the  use  of  the  Department  of  Street  Cleaning,  the 
Board  of  Health  and  the  Fire  Department,  together  with  sites  for 
floating  baths  and  recreation  piers  for  the  city — in  addition  to  that 
reserved  by  the  United  States  Government;  the  increase  of  wealth 
and  the  number  of  pleasure  yachts,  using  considerable  areas  for  stor- 
age; the  increasing  amount  of  water-front  used  by  storage  ware- 
houses; the  growth  of  shipyards  and  manufactories  of  boats,  dry 
docks  and  other  purposes  incident  to  the  growth  of  shipping;  the  de- 
mand for  parks  and  the  using  of  water-front  for  park  purposes; — these 
are  some  of  the  uses  which  occupy  a  constantly  increasing  amount  of 
the  water-front. 

The  aggregate  of  all  these  increasing  demands  is  very  great,  and 
while  the  wharfage  of  the  harbor  is  constantly  being  increased  by  the 
extension  of  piers,  the  rebuilding  of  old  piers  on  better  locations  and 
the  building  of  some  new  piers  and  bulkheads,  it  is  doubtful  if  the 
wharfage  of  New  York  Harbor  can  be  increased  much  faster  than  will 
be  needed  for  the  domestic  commerce  of  the  increasing  jjopulation. 

In  1897  New  York  had  a  wharfage  of  120  miles,  which  was  three 
times  as  great  as  that  of  any  other  port  in  the  world,  the  second  port 
in  size  being  Liverpool  with  its  40  miles  of  wharfage. 
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Mr.  Conrow.  As  a  result  of  tlie  large  amount  of  water-front  required  to  supply 
the  domestic  needs  of  a  vast  population,  tlie  extent  of  water-front 
suitable  for  foreign  commerce  is  limited.  The  report  of  the  Board 
of  Consulting  Engineers  for  the  Department  of  Docks,  1897,  contains 
the  following: 

"In  other  words,  of  the  2i  miles  of  water-front  which  are  better 
adapted  than  any  other  to  the  use  of  the  class  of  commerce  on  which 
the  prosperity  of  New  York  is  most  dependent,  only  13.245^i^  is  now 
occupied  by  foreign  steamship  lines,  and  only  27.08^  is  occupied  by 
all  classes  of  ocean  steamships,  while  28.89)'(;'  is  occupied  by  rail- 
roads. " 

As  an  indirect  efifect  of  the  increase  of  population,  must  be  noted 
the  fact  that  the  rate  of  wages  prevailing  in  New  York  is  higher  than 
in  any  other  port  on  the  Atlantic  Coast.  The  average  daily  wages  of 
common  laborers  in  New  York*  for  the  5  years  ending  in  1898  was 
SI. 56  per  day;  in  Philadelphia,  $1.50;  in  Boston,  $1.41,  and  in  Balti- 
more and  New  Orleans,  $1.25  per  day;  or  the  average  for  New  York  is 
over  24^  higher  than  in  Baltimore  and  New  Orleans.  The  contrast 
was  even  greater  a  generation  ago,  and  for  the  5  years  ending  in  1874 
the  average  wages  in  New  York  for  laborers  was  $1.78  jDer  day;  in 
Boston,  $1.32;  in  Philadelphia,  $1.34;  in  New  Orleans,  $1.33;  and  in 
Baltimore,  $1.22.  That  high  wages  in  New  York  in  the  seventies  did 
not  have  more  effect  on  the  commerce  at  that  time  was  largely  due  to 
the  crude  facilities  offering  at  competing  ports. 

Laborers  are  not  the  only  class  which  receives  higher  wages  in  New 
York  than  in  other  ports  of  the  Atlantic  Coast.  The  same  authority 
gives  the  average  wages  of  teamsters  for  the  5  years  ending  in  1898  in 
New  York  as  $2.10;  in  Boston,  $2.04;  in  New  Orleans,  $1.83;  in  Phila- 
delphia, $1.70,  and  in  Baltimore,  $1.56. 

An  examination  of  the  statistics  for  all  the  different  trades  shows 
the  same  fact.  Bricklayers  in  New  York  receive  $4  per  day;  in  Balti- 
more, $3  per  day.  Carpenters  in  New  York  receive  $3.50  jDer  day;  in 
Baltimore,  $2.42,  and  so  on  through  the  list. 

The  Department  of  Labor  states  that  no  statistics  of  a  comparative 
nature  regarding  'longshoremen  have  been  published  since  1893. 
The  Seventh  Special  Eeport  of  the  United  States  Department  of  La- 
bor, 1893,  gives  the  average  j^ay  of  'longshoremen  in  Maryland  as 
$1.37  i^erday,  and  the  week  65  hours  in  length,  while  in  New  York  the 
average  pay  is  given  as  $1.78  per  day  and  the  week  60  hours  long;  or 
comparing  them  upon  the  same  basis  of  wages  per  hour,  the  rate  in 
New  York  is  40,"^'o  higher  than  in  Maryland. 

There  can  be  no  doubt  that  wages  is  an  important  factor  in  the 
shipment  of  freight,  and  that  the  higher  wages  in  New  York  com- 
pared with  other  ports  of  the  Atlantic  Coast — esijecially  those  to  the 

*  Bulletin  No.  18,  Department  of  Labor,  1898. 
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southward — has  been  au  important  reason  for  the   diversion  of  com-  Mr.  Conrow. 
merce  to  those  jjorts. 

The  difference  in  railroad  rates  of  1  cent  per  bushel  in  favor  of  Phila- 
delphia and  Baltimore  and  against  New  York,  mentioned  by  Mr.  Black- 
mar,  does  not  seem  to  need  any  other  explanation  of  its  cause  than  the 
greater  actual  cost  to  the  railroads  of  delivering  grain  at  New  York. 
In  his  report.  Mayor  Symons  states*: 

"  In  the  transportation  of  grain  from  the  western  grain-prodvicing 
and  storing  centers  the  trunk  lines  terminating  in  New  York  City  for 
many  years  have  made  it  part  of  the  transportation  agreement  that 
they'  (the  railroads)  shall  deliver  the  grain  alongside  of  the  ship  with- 
out charge  therefor,  except  as  included  in  the  freight  rate.  In  pursu- 
ance of  this  agreement  the  railroads  transfer  grain  from  their  cars  and 
through  elevators  into  lighters,  by  which  it  is  transported  in  the 
harbor  alongside  of  vessels  and  for  which  transportation  or  lighterage 
a  charge  of  3  cents  per  100  lbs.,  equal  to  1.8  cents  per  bushel  of  wheat, 
is  exacted  by  the  lighterage  companies  doing  the  work." 

The  same  authority  statesf: 

"A  statement  that  the  cost  of  transferring  100  000  bushels  of  grain 
from  cars  to  ships  at  Philadelphia,  Baltimore  and  Newport  News  is 
about  S275,  or  a  little  more  that  ^  of  a  cent  per  bushel,  has  been 
made." 

In  other  words,  it  costs  at  least  1  cent  per  bushel  less  to  transfer 
wheat  from  cars  to  shiiJS  in  Philadelphia,  Baltimore  and  Newport 
News  than  it  does  to  transfer  from  cars  to  alongside  ships  in  New 
York.  The  fact  that  the  railroads  "  deliver  the  grain  alongside  of  the 
ship  without  charge  "  should  mislead  no  one.  If  the  actual  cost  is 
1  cent  per  bushel  greater  in  New  York  than  in  other  ports,  somebody 
must  i)ay  for  it,  and  it  may  be  taken  for  granted  that  this  somebody 
will  not  be  the  railroad  company. 

The  differential,  then,  is  not  a  discrimination  against  New  Y'^ork, 
but  is  merely  the  recognition  of  the  fact  that  it  costs  more  to  do  the 
same  work  in  New  Y'ork  than  it  does  in  other  ports  of  the  Atlantic 
Coast. 

Again,  the  average  rental  price  of  20  piers  on  the  North  EiverJ  is 
.$49  200  per  pier  per  annum.  Capitalized  at  4:%,  this  represents 
§1 230  000,  as  the  value  of  the  pier,  land  under  water  and  wharfagerights. 
The  cost  of  building  such  a  pier,  including  the  shed,  may  be  roughly 
taken  as  $230  000.  In  other  words,  the  steamship  company  pays  at 
the  rate  of  4:%  on  U  000  000,  or  i$40  000  yearly  for  the  use  of'  the  land 
under  water  and  the  wharfage  rights  of  each  pier.  That  this  rental 
price  is  a  serious  handicap  to  the  foreign  commerce  which  must  com- 
pete with  ports  where  the  same  charges  are  almost  nothiug,  no  one 
can  doubt.  Its  effect  may  be  better  understood  when  it  is  stated  that 
if  the  steamshij)  companies  made  a  clear  j^rofit  at  New  Y^ork  of  1  cent 

*  Report  of  State  Engineer  and  Surveyor,  New  York,  1897. 

i  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  305. 

X  Annual  Report,  Department  of  Docks  and  Ferries,  New  York,  1899.     . 
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Mr.  Conrow.  per  bushel  on  every  busliel  of  wheat  exported  from  New  York  in  1900, 
the  total  profit  would  have  paid  the  rental  of  only  4|  piers. 

Neither  are  these  piers  unusually  high-priced,  nor  will  the  rentals 
decrease  in  the  near  future.  Of  the  twenty  which  have  been  taken,  the 
rental  varies  from  $28  700  to  $84  000  per  year,  and  the  average  term  of 
lease  is  given  as  10  years,  with  a  privilege  of  renewal  for  10  years 
more.  In  four  cases  there  is  a  privilege  of  renewal  for  two  terms  of 
10  years  each  at  an  increase  in  price  of  5"o  over  the  price  of  the  prece- 
ding term,  and  in  six  cases  of  the  twenty  the  rental  for  the  second 
term  of  10  years  will  be  10^  higher  than  the  price  for  the  first  term. 

Even  at  the  high  rentals  which  now  prevail,  the  demand  for  such 
piers  far  exceeds  the  suj^ply.  It  will  thus  be  seen  that  while  the  port 
charges  of  New  York  are  high,  the  tendency  toward  still  higher  levels 
is  very  evident.  It  has  often  been  argued  that  the  port  charges  of 
New  York  should  be  reduced,  but  no  one  can  deny  that  the  rental 
values  of  piers  bear  a  close  relationship  to  other  values  in  New  York — 
are,  in  fact,  strands  of  the  same  net — and  he  who  would  lower  the  port 
charges  of  New  York  would  better  begin  operations  by  reducing  the 
price  of  real  estate  on  Broadway. 

It  is  generally  recognized  that  the  effect  of  high  port  charges  is 
very  much  greater  on  articles  of  large  bulk  and  small  value  than  upon 
articles  of  small  bulk  and  great  value,  and  results  in  the  driving  away 
of  freight  of  large  bulk.  The  capacity  of  the  port,  then,  is  further 
limited  by  the  time  required  for  the  handling  of  the  enormous  quan- 
tities of  boxes,  bales  and  bundles  of  manufactured  articles  along  the 
North  and  East  Kivers,  the  great  mass  of  which  constitute  an  increas- 
ing proportion  of  the  commerce  of  the  port.  These  articles  are 
unloaded  largely  by  hand,  piled  up  on  the  piers  by  hand,  loaded  on 
trucks  by  hand  and  carted  to  the  storehouses  in  practically  the  same 
way  that  i^revailed  one  hundred  years  ago.  As  a  consequence,  the 
amount  of  freight  which  can  be  handled  on  each  pier  is  limited. 

These  conditions  are  found  in  the  most  congested  localities  on  the 
North  and  East  Kivers,  and  are  caused  equally  by  the  export  and  im- 
port trades.  In  other  parts  of  the  harbor,  in  fact  wherever  possible, 
machinery  is  tised  for  handling  freight. 

This  necessity  for  movement  of  freight  by  hand  has  greater  impor- 
tance as  freight  rates  are  lowered,  for  it  becomes  a  larger  percentage 
of  the  cost  of  transportation. 

As  an  example  of  the  cost  of  handling  goods  in  New  Y^ork  City,  the 
writer  knew  of  a  case  recently  where  an  organ  was  shijiped  by  rail  and 
water  from  near  Springfield,  Mass.,  to  New  Yoi'k.  The  charge  for 
freight  for  the  whole  distance  was  65  cents.  It  cost  the  owner  $1.65  to 
have  the  organ  carted  from  the  i^ier  to  his  home  in  the  city. 

"  Under  existing  modes  of  distribution,  it  costs  more  to  deliver  a 
barrel  of  flour  from  a  railway  depot  in  Jersey  City  to  the  home  of  the 
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consumer,  in  Manhattan  or  Brooklyn,  tban  to  convey  it  from  Dulutli  Mr.  Conrow. 
to  Buffalo,  a  distance  of  1  000  miles."* 

On  the  other  hand.  New  York  has  its  compensations,  and  these  have 
been  sufficiently  powerful  to  counteract  to  a  great  extent  the  advantages 
of  competing  ports.  The  greatest  advantage  consists  of  the  market  for 
imports  in  New  York  City  and  vicinity.  Its  commercial  jDopulation  of 
4  000  000  is  four  times  as  large  as  that  of  any  other  seaport  in  the 
United  States,  and  furnishes  consumers  for  great  quantities  of  im- 
ports. This  vast  population  is  likewise  the  greatest  contributor  of  pas- 
sengers of  any  locality  in  the  country.  Nearly  all  lines  of  steamships 
carry  passengers,  and  it  is  of  dii-ect  advantage  to  this  part  of  their  ser- 
vice to  use  the  Port  of  New  York.  Another  advantage  is  found  in  the 
ocean  rates  from  New  York  to  Europe,  which  are  cheaper  than  those 
from  comijeting  jjorts.  Still  another  advantage  lies  in  the  fact  that 
New  York  Harbor  is  safer  than  any  other;  not  only  because  of  greater 
depth  of  w^ater,  but  also  for  climatic  reasons,  such  as  freedom  from 
violent  storms,  cyclones,  etc. — the  Galveston  storm  being  an  instance 
of  the  conditions  with  which  some  other  ports  have  to  contend. 

Another  compensation  of  the  Port  of  New  York  was  brought  out  in 
the  evidence  before  the  New  York  Commerce  Commission.  From  New 
York,  a  merchant  can  ship  to  any  port  of  the  world,  while  rival  ports 
offer  connection  with  only  certain  foreign  ports. 

The  amount  of  grain  shipped  from  New  York  from  year  to  year 
depends  largely  upon  its  destination.  If  England  wants  the  grain, 
New  York  must  compete  with  practically  all  the  ports,  while  if  the 
principal  demand  comes  from  the  Mediterranean  ports  the  comi^etition 
of  her  rivals  is  of  very  much  less  importance. 

One  of  the  main  advantages  claimed  for  a  ship  canal  from  the 
Lakes  to  New  Y^'ork  is  the  abolition  of  transfer  charges  at  New  York. 
Other  advocates  claim  that  an  enlarged  canal  is  necessary  to  maintain 
New  York's  foreign  commerce.  These  arguments  are  contradictory. 
To  New  York  City  the  principal  advantage  of  increased  exports  lies  in 
her  port  charges.  If  these  charges  are  abolished,  wherein  does  she 
benefit  from  commerce  jDassing  through  the  port  en  route  for  foreign 
countries  ?  The  ""  stream  of  commerce  "  is  a  pleasing  metaphor,  but 
if  it  "  enriches  the  country  through  which  it  iiasses,"  it  must  do  so  at 
the  exjjense  of  that  commerce.  The  western  producer  has  no  inten- 
tion that  his  wheat  for  Europe  shall  enrich  the  ports  through  which 
it  is  shipped  except  to  the  least  possible  extent.  It  is  precisely  for 
this  reason  that  he  selects  cheaper  ports  than  New  York. 

Every  railroad  is  a  "stream  of  commerce,"  but  of  what  benefit  is 
it,  for  example,  to  the  citizens  of  Syracuse  to  have  long  trains  of 
through-freight  pass  along  one  of  their  principal  streets?  Apparently, 
it  is  not  a  great  benefit,  judging  from  the  efi'orts  being  made  to  have 
this  "  stream  of  commerce"  run  in  a  less  consi3icuous  channel. 
*  "  New  York  Commerce  Commission,"  1900. 
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Mr.  Conrow.  Nor  would  a  ship  canal  benefit  New  York.  Such  an  amount  of  ton- 
nage as  the  estimates  contemplate  passing  up  and  down  the  Hudson 
would  further  aggravate  the  already  congested  conditions  of  the  port — 
and  this,  in  addition  to  the  withdrawal  to  interior  harbors  of  trade 
which  New  York  now  enjoys,  would  constitute  a  serious  menace  to  the 
foreign  commerce  of  New  York. 

Another  phase  of  the  canal  question,  which  it  is  of  great  import- 
ance to  consider,  is  the  fact  that  the  export  grain  of  the  United  States 
represents  largely  the  cream  of  fertility  of  the  West,  and  when  the 
skimming  process  has  been  completed  the  production  of  grain  will 
decrease.  The  pi'incipal  difference  between  the  methods  of  the  eastern 
and  western  farmers  is  that  in  the  East  the  farms  are  fertilized,  and  in 
the  West  (at  least  in  the  great  wheat-groAving  areas)  they  are  not. 
The  wheat  grown  in  the  Dakotas,  for  example,  is  the  product  of  the 
natural  fertility  of  the  soil.  The  natural  fertility  will  not  last  forever, 
or,  indeed,  for  any  considerable  term  of  years,  as  10  years  of  constant 
raising  of  the  same  crop  will  exhaust  the  richest  soil  if  no  fertilizer 
is  used.  The  United  States  exported  217  000000  bushels  of  wheat 
in  1898,  and  the  three  States,  North  and  South  Dakota  and  Minnesota, 
produced  176  000  000  bushels,  or  more  than  four-fifths  of  this 
amount.* 

The  writer  has  known  of  many  cases  of  exhaustion  of  the  soil.  For- 
merly, great  quantities  of  peaches  were  raised  in  Southern  New  Jersey, 
while  now  very  few  are,  because  thej  can  no  longer  be  successfully 
grown.  A  single  orchard  of  peaches  will  exhaust  the  soil  for  several 
generations  for  that  particular  crop.  The  writer  kncAv  a  man  who  owned 
a  large  tract  of  timber  of  50  or  60  years'  growth.  Thinking  to  obtain  a 
plot  of  "  new"  ground  he  cut  off  the  timber  and  jjlanted  i^each  trees  on 
the  area.  The  peach  trees  never  thrived  at  all,  and  after  trying  in  vain  for 
several  years,  the  orchard  was  abandoned.  Hajipening  one  day  to  look 
up  some  old  records,  the  farmer  found,  much  to  his  surprise,  that  a  peach 
orchard  had  occu^jied  the  same  ground  70  or  80  years  before.  The 
writer  knows  of  fields  where  formerly  the  egg-plant  yielded  large  crops 
and  where  now  that  vegetable  cannot  be  matured  at  all. 

This  exhaustion  of  the  soil  is  not  peculiar  to  peaches  and  egg-plants, 
but  applies  in  different  degrees  to  every  food  product.  The  wise  farmer 
in  the  East  "  rotates  "  his  crops.  He  does  not  raise  wheat  after  wheat, 
but  lays  out  his  farm  mathematically,  and  plans  that  a  certain  crop  will 
come  in  a  certain  field  only  once  in  6  or  7  years.  By  this  method,  and 
by  continiially  enriching,  the  fertility  of  the  soil  may  be  maintained  for 
centuries,  as  has  been  the  case  in  Europe. 

The  day  of  reckoning  for  the  western  farmers  is  near  at  hand,  when 
they  also  must  put  back  on  the  soil  an  equivalent  of  that  which  they 
take  from  it;  and  when  that  time  comes  the  price  of  wheat  must  increase 
*  "  The  Grain  Trade  of  the  United  States,"  1900. 
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or  production  will  fall  off.     In  either  ease  the  amount  exjjorted  will  be  Mr 
less  than  at  joresent. 

The  United  States  has  never  yet  had  to  face  this  question  as  it  must 
within  the  next  generation.  Up  to  this  time  the  answer  has  always  been 
the  same — "  go  further  west."  But,  beyond  the  Dakotas,  in  the  United 
States,  the  wheat  area  cannot  go,  because  of  the  Rocky  Mountains. 

In  1840  the  center  of  the  wheat-growing  area  was  just  east  of  Pitts- 
burg. In  1898  the  five  States,  North  and  South  Dakota,  Minnesota, 
Nebraska  and  Kansas,  produced  over  40/*o  of  the  total  Avheat  crop  of  the 
United  States.  In  60  years  the  center  of  production  has  moved  west- 
ward about  1  000  miles.  Through  New  York,  Ohio,  Indiana,  Illinois, 
Iowa  and  the  Dakotas  the  wheat  center  has  successively  passed,  and  each 
region  has  in  its  turn  contributed  of  its  best  fertility. 

The  western  movement  of  the  wheat-producing  area  has  been  accom- 
panied by  the  decline  of  the  amount  raised  in  the  East.  In  1840  New 
England  produced  2  800  000  bushels  of  wheat,  and  in  1898  only  140  000 
bushels.  In  1849  New  York  State  produced  13  000  000  bushels,  and  in  1899 
only  7  000  000  bushels.  The  reaction  following  close  behind  the  great 
western  movement  can  be  traced  as  far  west  as  Illinois,  which  reached  its 
maximum  production  in  1879,  when  it  raised  51  000  000  bushels  of 
wheat.  In  1899  its  production  had  fallen  to  less  than  13  000  000  bushels. 
The  reason  for  this  decline  in  the  East  is  that  the  farmers  there  cannot 
afford  to  raise  wheat  at  the  prevailing  prices.  A  successful  farmer  of 
long  experience  has  furnished  the  data  upon  which  are  based  the  fol- 
lowing figures  relating  to  the  cost  of  producing  1  bushel  of  wheat  in  the 
Eastern  States: 

Interest  and  taxes  on  land,  at  SlOO  per  acre $5.00 

Cost  of  fertilizei-s,  per  acre 4 .  00 

Labor,  per  acre   4 .  00 

Housing,  per  acre  2 .  00 

Total  cost,  per  acre $15 .00 

Cost  ijer  bushel   60  cents. 

The  yield*  may  be  taken  as  25  bushels  per  acre.  At  62  cents  per 
bushel  (the  average  price  of  wheat  for  the  5  years  1894-1898),  the  value 
of  the  crop,  per  acre,  amounts  to  $15.50,  showing  a  net  profit  of  50 
cents  per  acre.  It  is  obvious  that,  at  this  price,  there  is  no  inducement 
to  raise  wheat  in  the  East.  Only  under  the  most  favorable  conditions 
of  enormous  acreage,  fertile  soil  and  wholesale  methods  can  wheat  be 
produced  profitably  at  present  values.  The  only  reason  that  many 
farmers  in  the  East  continue  to  raise  wheat  at  all  is  to  obtain  the  straw, 
which  is  a  necessity  for  their  farm  stock. 

Wheat  will  not  sujji^ort  a  dense  population.    The  average  consiimp- 

*  The  farmer  who  furnished  these  data  stated  that  his  average  yield  for  forty  years 
was  greater  tbau  this,  though  this  figure  is  nearly  double  that  given  by  the  Government 
statistics  as  the  average  yield  per  acre  in  the  Eastern  States. 
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Mr.  Conrow.  tion  of  wheat  and  wheat  flour  in  the  United  States,  extending  over  a 
long  term  of  years,  has  been  about  5  bushels  for  each  inhabitant  per 
year.  The  average  yield  per  acre  in  1898  was  15.2  bushels,  or,  an  acre 
of  wheat  would  supply  the  wants  of  three  persons. 

On  the  other  hand,  the  average  yield  of  potatoes  in  New  York  in 
1900  was  81  bushels  per  acre,  which  quantity  would  stipport  a  very 
much  larger  number  of  people  per  acre.  In  New  York,  in  1899,  an 
average  acre  of  wheat  was  worth  314.83,  while  an  average  acre  of 
potatoes  in  1900  was  worth  $36.45. 

In  1839  New  York  was  the  third  State  in  the  production  of  wheat; 
in  1899  it  ranked  twenty-third.  In  1900  the  production  of  potatoes  in 
New  York  was  greater  than  in  any  other  State.  This  tendency  to  raise 
more  concentrated  foods  will  increase  as  the  poijulation  becomes  more 
dense. 

The  falling  off  of  the  exports  of  wheat  and  other  grain  from  New 
York  has  been  in  a  measure  due  to  geographical  reasons.  Kansas  is 
as  near  the  Gulf  as  it  is  to  Chicago.  Why  should  a  shipper  in  Kansas 
send  export  grain  through  Chicago — no  matter  how  low  the  charges 
are  from  there  to  New  York — when  he  could  reach  the  Gulf  for  the 
same  cost  as  he  could  reach  Chicago?  The  Chicago-New  York  rate 
would  have  to  be  almost  nothing  to  make  the  two  routes  equal.  The 
same  is  largely  true  of  Nebraska,  while  Oklahoma  is  nearer  the  Gulf 
than  Chicago.  Yet  these  three  political  divisions  produced,  in  1899, 
73"000  000  bushels  of  wheat.  Allowing  a  domestic  consumption  of  5 
bushels  per  inhabitant,  they  had  a  surplus  of  about  60000000  bushels, 
or  more  than  27"o  of  the  quantity  exported  from  the  United  States  in 
1899. 

In  the  United  States  the  export  trade  in  wheat  is  not  growing 
rapidly.  The  year  of  greatest  exports  was  1892,  when  over  225  GOO  000 
bushels  were  shipped  out  of  the  country.  Since  that  time  this  quantity 
has  not  been  exceeded,  in  spite  of  the  fact  that  the  production  in  1899 
was  64  000  000  bushels  greater  than  in  1892. 

Assuming  that  the  production  of  wheat  of  the  United  States  can  be 
maintained  at  its  present  rate,  using  1  200  000  as  the  yearly  increase  in 
population  and  taking  the  consumption  at  5  bushels  annually  per  capita, 
by  1930  the  United  States  will  i^roduce  only  enough  wheat  for  its  own 
consumption. 

These  are  matters  which  bear  a  close  relationship  to  the  future 
development  of  the  commerce  of  the  United  States. 

Mr.  North  states:* 

"  Hence  if  we  can  cut  four  or  more  cents  off  the  cost  of  marketing 
our  wheat,  while  our  rivals  cannot  decrease  the  cost  of  marketing 
theirs,  our  producers,  and  not  foreign  consumers,  will  have  the  sole 
advantage  ";  and  again,  "  Any  reduction  in  the  cost  of  transx)ortation, 
due  to  an  enlargement  of  the  Erie  Canal  for  export  purposes  would 

*  Transactions,  Am.  Soc.  C.  E„  Vol.  xxxix,  p.  390. 
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influence  the  entire  crop  and  be  divided  between  producer  and  con- 
sumer. " 

Why  is  it,  then,  that  the  price  of  wheat  has  steadily  declined  since 
1870  or  before,  in  spite  of  the  fact  that  transiiortation  rates  are  now  but 
a  fraction  of  what  they  were  then?  For  the  five  years,  1866-1870,  the 
average  price  of  wheat  in  the  United  States  was  ^1.15  per  bushel,  and 
for  the  Ave  years,  1894-1898,  the  average  price  was  62  cents  j^er 
bushel.  During  the  same  period,  the  rates  on  wheat  from  Buffalo  to 
New  York  decreased  from  11.2  cents  per  bushel  in  1870  to  3  cents  per 
bushel  in  1899.*  In  what  way  has  the  producer  benefited  by  the  decline 
in  transportation  charges? 

Bearing  upon  this  question,  the  writer  has  known  of  the  following: 
About  ten  years  ago  some  fruit-growers  near  Philadelphia  discovered 
that  the  Boston  market  was  often  much  higher  than  the  Philadelphia 
market  for  early  summer  ap]jles,  and  that  the  cost  of  transportation 
from  Philadelphia  to  Boston  by  a  newly-established  line  of  steamers 
was  25  cents  per  barrel.  The  news  quickly  spread,  however,  and  so 
many  apples  were  sent  to  Boston  that  the  price  there  became  actually 
lower  than  in  Philadelphia.  Conditions  soon  became  normal,  how- 
ever, and  the  price  of  early  summer  apples  in  Boston  is  now  25  cents 
per  barrel — plus  the  profits  and  risk  of  shipment— higher  than  in  Phila- 
delphia. At  the  time  these  cheap  transportation  rates  were  inaugii- 
rated  it  was  prophesied  that  the  producer  would  be  greatly  benefited 
by  receiving  higher  prices,  but  such  has  not  been  the  case,  for  there 
has  been  a  steady  decline  in  the  price  of  this  fruit.  Evidently,  the 
major  part  of  the  benefit  has  gone  to  the  consumer.  The  producer 
has  received  no  direct  benefit  through  advanced  jjiices,  but  he  has 
received  bene  tit  from  a  broader  market. 

Formerly,  it  frequently  haj^pened  that  summer  apples  and  i^erish- 
able  vegetables  of  all  kinds  were  so  plentiful  in  Philadelphia  that 
great  quantities  were  wasted.  This  haj^pens  very  seldom  now,  for 
cheaper  rates  in  all  directions  have  enormously  increased  the  market 
for  such  products;  but  the  prices  have  steadily  declined.  It  was  not 
unusual  fifteen  years  ago  for  tomatoes  to  sell  for  $4  per  bushel  in 
Philadelphia,  in  June,  but  cheap  and  fast  transportation  has 
transformed  these  conditions  until  now  such  j^rices  are  seldom  ob- 
tained in  midwinter.  Formerly,  the  producers  of  southern  New 
Jersey,  Delaware  and  Maryland  received  large  profits  whenever  they 
succeeded  in  producing  early  croj^s.  Now,  the  farmers  of  Georgia 
and  Florida  sell  tomatoes  in  New  York  in  January.  Prices,  generally, 
for  perishable  food  products  have  steadily  declined,  along  with  the 
decline  in  transportation  rates.  But  while  the  farmer  of  fifteen  years 
ago  could  sell  only  a  few  hundred  bushels  without  breaking  the  j^rice, 
he  can  now  dispose  of  several  thousand  bushels — at  a  lower  price  it  is 
true — but  without  aifecting  the  market. 


*  "  The  Grain  Trade  of  the  United  States,"  1900. 
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On  every  hand  the  evidence  points  to  the  same  conclusion:  That  the 
direct  benefits  of  cheaper  transjjortation  are  received  by  the  consumer 
in  lower  prices,  while  the  producer  receives  no  other  benefit  than  that 
of  a  broader  market. 

Mr.  Mayer  says*: 

"  The  Northwestern  States  are  vitally  interested  in  reducing  freight 
rates  to  Europe,  *  *  *  since  the  home  price  of  produce  which  is 
exported  in  considerable  quantities  is  equal  to  the  price  in  the  princi- 
laal  foreign  markets,  less  the  cost  of  reaching  them." 

This  statement  can  only  be  accepted  as  true  in  part,  for  it  assumes 
that  the  price  is  fixed  entirely  in  Europe,  which  is  not  the  case. 

The  price  of  a  staple  article,  such  as  wheat,  is  the  resultant  of  many 
forces,  of  which  no  doubt  the  greatest  for  wheat  is  the  demand  of 
Europe.  But  the  demand  of  the  United  States  is  also  an  important 
factor  in  the  equation,  and  it  would  be  much  nearer  the  truth  to  say 
that,  of  the  conditions  which  fix  the  price  of  a  commodity,  each  coun- 
try contributes  in  proportion  to  its  consumption  of  that  commodity. 

Europe,  including  the  Russian  Empire,  consumes  about  four-fifths 
of  the  total  wheat  production  of  the  world,  and  the  United  States 
about  one-seventh,  f  Therefore,  of  the  35  elements  which  determine  the 
price  of  wheat  throughout  the  world,  Europe  contributes  28,  the  United 
States  5,  while  the  remaining  2  come  from  various  other  countries. 

As  the  United  States  increases  in  population  its  influence  in  fixing 
the  price  of  wheat  will  be  greater  and  its  dependence  upon  European 
markets  less. 

There  are  two  important  factors  to  which  the  advocates  of  deeper 
canals  have  not  given  sufficient  attention.  The  first  is  the  enormous 
disadvantage  of  all  canals,  when  compared  with  railroads,  in  the  mat- 
ter of  speed.  It  is  a  disadvantage  which  cannot  be  eliminated.  Time 
is  money,  and  contemporaneous  with  industrial  growth  in  every  dii-ec- 
tion  has  been  the  increase  in  the  value  of  time. 

The  writer  was  surprised  when  in  Brockton,  Mass.  (christened  the 
Shoe  City),  to  learn  that  the  manufactui'ers  there  should  consider  it  a 
matter  of  vital  importance  that  the  railroad  should  maintain  a  special 
fast  freight  leaving  Brockton  every  afternoon  at  about  4.30  o'clock  and 
connecting  with  the  Fall  River  boat  for  New  York.  In  this  way,  shoes 
made  one  day  in  Brockton  were  in  New  York  by  the  next  morning.  At 
first  it  does  not  seem  that  this  great  haste  is  necessary,  but  when  it  is 
remembered  that  the  majority  of  shoes  conform  to  certain  styles  and 
that  a  style  is  in  vogue  for  only  two  or  three  months,  it  is  seen  that 
every  day  is  an  appreciable  percentage  of  a  season. 

If  the  cost  for  vv'heat  by  all-rail  from  Chicago  to  New  York  is  10 
cents  per  bushel  and  the  time  3  days,  and  the  cost  by  Lake-canal 
5  cents  per  bushel  and  the  time  8  days,  the  difference  in  favor  of  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  27'S. 
t  "The  Grain  Trade  of  the  United  States,"  1900. 
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Lake-canal  route  is  not  5  cents  per  bushel,  but  5  cents  less  the  value  Mi 
of  5  days,  during  which  time  the  wheat  is  not  available  for  delivery. 
It  has  sometimes  happened  that  the  market  price  has  fluctuated  more 
than  5  cents  per  biishel  in  5  days. 

The  second  element  which  has  received  scant  attention  from  some 
advocates  is  the  question  of  management.  All  are  agreed  that  no 
canal  would  succeed  under  the  same  conditions  that  have  retarded 
the  growth  of  commerce  on  the  Erie  Canal.  What  guarantee  is  there 
that  conditions  in  the  future  will  be  any  better  than  those  of  the  past, 
if  the  State  of  New  York  constructs  the  deeper  canal. 

Business  does  not  thrive  upon  uncertainties.  When  asked  by  the 
New  York  Commerce  Commission,  what  was  the  objection  to  using  the 
Erie  Canal,  a  grain  merchant  testified:  "Ihe  canal  has  been  a  hard 
thing  to  depend  on;  you  can  never  tell  when  the  grain  would  get 
here." 

The  figures  of  Mr.  Rafter*  show  that  over  a  period  of  10  years  the 
average  delays  due  to  breaks  have  amounted  to  25  days  for  each  canal 
season — or  for  every  8t  days  the  delays  caused  by  breaks  have 
amounted  to  1  day.  It  is  hardly  cause  for  wonder  that  commerce  has 
declined  under  such  conditions. 

The  Erie  Canal  has  never  had  a  fair  trial.  No  one  knows  how 
cheaply  it  could  transjjort  freight,  if  properly  developed. 

Mr.  Foote,!  after  many  years'  experience  in  the  transportation 
business  on  the  Erie  Canal,  pointed  out  that  the  present  capacity  of 
that  canal,  as  determined  by  New  York  State  oflScials,  is  18  000  000 
tons  per  annum,  and  this  could  be  doubled  without  deejjening  the 
canal.  It  was  stated  before  the  New  York  Commerce  Commission 
that  a  canal  9  ft.  deeji  would  have  a  capacity  eqiial  to  that  of  five 
trunk  lines  of  railways.  This  is  so  far  in  excess  of  any  probable  traffic 
that  its  present  capacity  is  amjjle  for  many  years.  Mr.  Foote  also 
states  that  by  using  the  "steam  train-towage  system,"  by  submerged 
wire  cables,  a  speed  of  8  to  10  miles  per  hour  may  be  obtained;  a  speed 
which  compares  favorably  with  that  estimated  for  the  deeper  canals. 

Major  Symons  states:  J 

"  That  the  trafiic  on  the  Erie  Canal  has  declined,  it  is  true,  but  it 
would  immediately  spring  uy>  and  grow  to  enormous  dimensions  if  a 
proper  barge  canal  were  built  in  its  place,  if  legislative  restrictions  on 
the  capital  of  opei'ating  transportation  companies  were  removed,  and  if 
the  business  were  organized  in  a  thoroughly  up-to-date  manner."  And 
again:  "  There  are  decided  reasons  for  believing  that  it  woiild  be  more 
convenient,  and  better  for  commerce,  to  have  nearly  all  the  Avestern 
products  arrive  in  New  York  in  lots  of  about  1  000  tons,  in  place  of 
having  them  arrive  in  lots  of  6  000  to  10  000  tons." 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlv,  p.  298. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxix,  p.  297. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlv,  pp.  240  and  242. 
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Mr.  Conrow.  These  remarks  apply  as  well  to  the  present  canal  as  to  a  barge 
canal;  for  the  fact  remains  that  the  great  mass  of  freight  transferred 
in  New  York  Harbor  is  done  upon  craft  which  draw  less  than  7  ft. 
of  water,  and  the  present  canal-boat  is  well  adapted  for  siich 
conditions. 

The  consideration  of  these  many  phases  of  the  question  has  led  to 
the  following  conclusions : 

I.  That  the  foreign  commerce  of  the  Port  of  New  York  is  slowly 
growing. 

II.  That,  of  the  many  causes  which  retard  the  growth  of  foreign 
commerce  at  New  York,  the  greatest  are  found  in  the  increasing  popu- 
lation living  on  J«iew  York  Harbor,  and  in  the  jjhysical  limitations  oi  the 
port. 

III.  That  a  ship  canal  connecting  the  Lakes  and  New  York  City 
would  be  detrimental  to  the  foreign  commerce  of  the  Port  of  New 
York. 

IV.  That  a  barge  canal  would  mainly  benefit  consumers  in  New  York 
and  the  adjacent  States;  that  it  would  have  but  slight  influence  on  the 
foreign  commerce  of  the  Port  of  New  York;  that  it  should  be  under- 
taken only  by  the  Federal  Government. 

V.  That  the  Erie  Canal  has  never  had  a  fair  trial;  that,  with  its  pres- 
ent depth,  it  is  capable  of  handling  economically  a  large  tonnage;  that 
the  State  of  New  York  should  abandon  all  schemes  for  canal  enlarge- 
ment; should  guarantee  some  definite  policy  for  the  future  and  should 
foster  and  encourage  the  development  of  commerce  on  its  present 
canals. 

Mr  Rafter.  Geokge  W.  Raftek,  M.  Am.  Soc.  C.  E.  (by  letter). — The  Report 
of  the  New  York  Commerce  Commission,  transmitted  to  the  Legisla- 
ture, January  25th,  1900,  is  in  reality  a  discussion,  filling  two  octavo 
volumes  of  more  than  2  000  pages,  of  the  questions  considered  in  this 
paper.  In  his  message  transmitting  the  report  of  this  Commission  to 
the  Legislature,  Governor  Roosevelt  said: 

"This  report  represents  an  immense  amount  of  wholly  disinter- 
ested labor,  undertaken  solely  with  a  view  of  accomplishing  some- 
thing efi'ectual  to  stop  the  decline  in  the  commerce  of  New  York. 
The  thanks  of  the  State  are  due  the  members  of  the  Commission  for 
the  marked  ability  and  untiring  industry  they  have  shown  throughout 
their  labors." 

The  report  of  this  Commission  is  included  in  141  pages,  the 
remainder  being  various  appendices  of  the  testimony  taken,  etc. 
Of  these  141  jjages,  nearly  one-half  is  occupied  with  a  discussion  of 
the  effect  of  the  differential,  the  remainder  being  mostly  taken  up  with 
an  account  of  various  drawbacks  which  exist  at  New  York,  and  which 
can  only  be  remedied  by  the  action  of  the  people  of  New  York  them- 
selves; for  instance,  port  charges,  among  which  are  included  "the  one- 
cent  arbitrary,"  "elevator  charges,"   "  lighterage  charges,"  etc. 
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The  followiDg  presents  a  summary  of  tbe  conclusions  of  this  Com-  -Mr.  Rafter, 
mission: 

(1)  The  decline  in  New  York's  commerce  has  been  steady  and  con- 
tinuous for  many  years;  it  has  been  more  pronounced  during  recent 
years,  and  has  now  reached  serioiis  jiroportions  in  an  actual  loss  of 
exports.  This  loss  has  been  largely  in  exports  of  grain  and  flour.  While 
New  York  has  been  steadily  losing,  Montreal,  Boston,  Baltimore,  New- 
port News  and  the  Gulf  i^orts  of  New  0]-leans  and  Galveston,  have 
made  substantial  gains. 

(2)  The  loss  to  New  York  is  due  in  great  measure  to  a  discrim- 
ination against  New  York  in  railroad  rates  imposed  by  an  agree- 
ment, known  as  the  differential  agreement,  between  the  trunk  line 
railroads  of  the  American  Atlantic  seaports  including  the  New  York 
railroads. 

(3)  While  this  differential  agreement,  by  its  terms,  gives  preference 
in  railroad  rates  only  to  Philadelphia.  Baltimore,  Norfolk  and  New- 
port News,  the  Port  of  Montreal  and  the  Gulf  jDorts  are  benefited,  to 
the  injury  of  New  York,  to  as  full  an  extent  as  if  they  were  parties 
to  the  agreement,  in  view  of  the  fact  that  in  the  competition  with 
the  Gulf  ports  and  with  Montreal  the  differential  agreement  alone 
prevents  the  New  York  roads  from  giving  New  Y^ork  as  low  a  ratu 
as  is  accorded  by  the  agreement  to  Baltimore  and  to  Newport  News; 
and  the  same  differential  agreement,  while  providing  the  same  rate  for 
Boston  as  for  New  York,  permits  the  Boston  roads  to  allow  free  insur- 
ance and  free  storage  to  an  extent  that  amounts  to  as  substantial  a 
discrimination  against  New  York  as  is  imposed  by  the  discrimination 
in  the  rail  rate  in  favor  of  Philadelphia,  Baltimore  and  Newport 
News. 

(4)  As  a  result  of  this  situation,  in  which  New  York  is  prevented 
from  receiving  the  benefit  of  her  natural  advantages,  in  competition 
with  these  other  ports,  each  of  the  ports  named  has  made  gains,  Avhile 
New  York  has  continued  to  lose. 

(5)  While  there  are  port  charges  in  New  York  that  can  and  should 
be  reduced,  it  will  be  impracticable  to  assure  to  New  York  any 
benefit  from  such  reductions  so  long  as  the  railroads  are  permitted 
to  offset  the  saving  in  expense,  thus  secured,  by  correspondingly 
increasing  the  differential  against  New  York.  That  su.ch  is  the  prin- 
ciple of  the  differential  agreement  and  the  policy  of  the  New  York 
roads,  as  well  as  the  roads  to  the  Southern  Atlantic  ports,  was  conceded 
by  the  officials  of  the  New  York  roads  when  they  appeared  before  the 
Commission. 

(6)  The  theory  of  such  discrimination  is,  that,  under  natural 
competitive  conditions.  New  York  would  maintain  its  pre-eminent 
position  in  the  export  as  well  as  in  the  import  trade  of  the  coun- 
try— New  York  under  such  natural  conditions  being  the  cheapest 
route  to  the  foreign  markets  for  the  products  of  the  West.  To  the 
extent  that  this  differential  agreement  requires  the  New  Y^ork  roads 
to  charge  a  higher  rate  than  otherwise  would  be  imi^osed  upon  the 
export  products  of  the  West,  it  is  in  effect  an  export  tax  u^ion  such 
jjroducts. 

(7)  To  abolish  the  differential,  therefore,  would  not  only  result 
in  New  York  regaining  the  commerce  now  diverted  to  other  ports, 
but  it  would  also  benefit  the  producers  and  exporters  of  the  West 
when  competing  in  the  foreign  markets.  This  is  explanatory  of  the 
fact  that  the  Western  exporters  express  themselves  as  equally  coq- 
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cerned  with  New  York  regarcling  this  railroad  discrimination  against 
New  York. 

(8)  The  principle  of  the  dififereutial  agreement  is  inequitable  and 
unjust,  in  theory  and  in  practice.  New  York  has  sutfered  much 
therefrom,  and  should  use  every  means  within  her  power,  not  only  to 
have  it  abolished,  biit  also  to  render  it  imjjracticable  of  restoration. 
The  diiferential  rate  applies  not  only  on  products  destined  for  export, 
but  also  destined  for  local  consumption  by  the  peoj)le  of  New  York 
City. 

(9)  The  fact  that  the  New  York  Central  and  Hudson  River  Railroad 
Company  has  received  exceptional  benefits  from  the  State  of  New  York 
makes  that  corporation  exceptionally  culpable  for  participating  in  the 
discrimination  to  the  serious  injury  of  New  York. 

(10)  This  railroad  discrimination  against  New  York  would  be 
impossible  without  the  particii^ation  of  the  New  York  Central  and 
Hudson  River  Railroad  Company,  and  the  demand  that  it  withdraw 
irrevocably  from  the  differential  agreement  is  now  made  understand- 
ingly. 

(11)  The  State  has  it  within  its  power,  through  an  adequate  im- 
provement of  the  Erie  Canal,  not  only  to  apply  the  remedy  that 
will  secure  it  against  further  loss  of  its  commerce,  but  that  will 
secure  to  it  as  well  the  restoration  of  that  which  has  already  been 
diverted. 

(12)  This  result  may  be  achieved  through  the  completion  of  the 
improvement  of  the  State  canals  contemplated  by  Chapter  79  of  the 
Laws  of  1895,  at  an  expenditure  not  exceeding  f]5U00  000.  To 
receive  full  benefit  from  the  completion  of  such  improvement, 
canal  terminals  should  be  provided  by  the  State,  both  at  Buflfalo 
and  at  New  York,  for  the  receipt,  safe-guarding  and  delivery  of 
package  freight  transported  or  destined  for  transportation  over  the 
Erie  Canal. 

(13)  While  thus  providing  for  competition  with  rail  rates,  sufficient 
to  render  difficult  if  not  imi^ossible  a  discrimination  against  New  York, 
certain  high  charges  at  the  Port  of  New  Y'^ork  should  be  reduced,  in- 
cluding the  charge  for  elevating  grain,  and  also  including  the  excessive 
rentals  imj^osed  for  the  use  of  public  docks. 


These  thirteen  propositions  could  be  much  more  widely  discussed 
than  they  have  yet  been.  While  the  great  industry  disjilayed  by  this 
Commission  is  willingly  conceded,  it  is  the  opinion  of  the  writer  that 
some  of  these  propositions  are  hardly  true. 

Abel  E.  Blackmak,  Esq.  (by  letter). — An  extended  reply  to  the 
criticisms  on  the  paper,  and  to  the  discussions,  does  not  seem  neces- 
sary. Such  a  reply  would  be,  to  a  great  extent,  a  rejaetition  and 
enlargement  of  the  matter  contained  in  the  paper  itself.  A  short 
summary,  however,  may  not  be  out  of  place. 

It  is  not  disputed  that  the  system  of  differentials  was  established 
as  stated  in  the  paper,  nor  that  it  was  intended  to  be  discriminative 
against  the  Port  of  New  York,  which  it  necessarily  is,  in  its  very 
nature,  nor  that  it  has  had  its  intended  effect.  As  traffic  flows  along 
the  line  of  least  resistance,  it  needs  no  elaboi'ate  demonstration  to 
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show  that  the  resistance  of  an  arbitrary  differential  in  freight  rates  Mr.  Blackmar, 
tends  to  direct  traffic  to  other  routes;  and  if  such  traffic  would  have 
flowed  to  the  Port  of  New  York,  except  for  the  resistance  of  the  differ- 
ential, it  may  with  propriety  be  said  to  be  "  tributary"  to  New  York 
and  to  be  "  diverted  "  to  other  points. 

To  one  who  believes  that  it  is  for  the  railroads  to  determine  arbi- 
trarily the  route  of  commerce,  to  take  it  from  the  merchants  of  one 
locality  and  give  it  to  those  of  another,  or  to  one  who  is  indifferent  to 
the  relative  prosperity  of  New  York  and  the  other  Atlantic  seaports, 
the  differential  may  not  seem  an  evil. 

The  writer  has  not  accused  the  railroad  companies  of  moral  wrong 
or  of  hostility  to  the  Port  of  New  York  in  imposing  the  differentials. 
They  have  undoubtedly  done  the  best  possible  from  the  point  of  view 
of  their  own  interests;  biit  if,  in  seeking  their  own  interests,  they  have 
adopted  a  policy  injurious  to  the  merchants  of  New  York,  this  is 
certainly  an  evil  needing  a  remedy,  from  the  point  of  view  of  the 
merchants. 

The  paper  does  not  purj)ort  to  discuss  generally  the  cause  of  the 
decline  of  commerce  in  the  Port  of  New  York.  Many  causes  have 
doubtless  contributed  to  i3roduce  the  decline  and  many  causes  have 
resisted  it.  It  is  impossible  to  analyze  the  situation  completely  and 
to  assign  to  each  factor  its  true  value  in  the  problem.  In  the  case  of 
the  New  York  Produce  Exchange  against  the  Railroad  Companies, 
referred  to  several  times  in  this  discussion,  the  testimony  was  to  the 
effect  that  ^  cent  a  bushel  difference  in  the  costs  of  through  transpor- 
tation is  enough  to  determine  through  which  seaport  export  grains 
will  move.  The  differentials  have  always  been  more  than  this.  They 
are,  therefore,  a  sufficient  exj^lanation  for  the  decline  in  the  exports  of 
wheat,  corn  and  flour  from  New  York,  which  the  statistics  show.  All 
other  causes  are  ajiparently  mora  than  offset  by  the  natural  and  acquired 
advantages  of  the  port.  As  the  decline  in  commerce  is  admitted  and 
the  differentials  are  sufficient  to  produce  it,  the  writer  sees  no  reason 
for  jjainfully  seeking  other  causes  in  excuse  of  the  differentials. 

It  is  stated  in  one  of  the  discussions  that  for  a  number  of  years  there 
have  been  no  differentials  on  ex-lake  grain  for  export.  The  information 
of  the  writer  is  to  the  contrary  of  this  statement.  It  is  unfortunate 
to  differ  on  a  question  of  fact.  The  writer  relied  on  information 
furnished  to  him,  at  the  time  the  paper  was  written,  by  the  Interstate 
Commerce  Commission  and  by  merchants  engaged  in  the  business  of 
bringing  the  grain  from  the  West  to  the  seaboard  for  export. 

On  September  16th,  1901,  the  Avriter  made  inquiry  of  the  Interstate 
Commerce  Commission,  and  received  the  following  : 

"  All-Rail  Gi-ain  Rates,  Chicago  and  Buffalo  to  New  York,  Philadel- 
phia and  Baltimore. — Referring  to  the  accomjoanying  letter  of  Mr.  Abel 
E.  Blackmar,     *     *     *     examination  of  tariff's  on  file  Avith  the  Com- 
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Mr.  Blackmar.  mission  shows  tlie  all-rail  rates  on  grain,  from  and  to  jjoints  mentioned, 
to  be  as  follows  : 

,,  „  „,  .  -,,,  In  cents  per  100  lbs. 

"  1  rom  Chicago,  111.  :  Domestic.         Export. 

To  New  York 15  13i 

Philadelphia V6  12* 

Baltimore 12  12' 

"  From  Buffalo,  N.  Y.  in  cents  per  100  lbs. 

To  New  York 9 

Philadelphia 8^ 

Baltimore 8^ 

"  Resj^ectfully  submitted, 

"  (Signed)         J.  M.   Smith, 

"  Auditor.'" 

Inquiries  also  of  merchants  show  that  the  ex-lake  differential,  at  all 
times  since  its  establishment,  has  been  maintained  upon  export  grain 
from  the  Lake  ports  to  New  York,  Philadeljihia  and  Baltimore. 
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The  engineer  is  constantly  engaged  in  a  large  niamber  of  i>ro- 
fessional  problems,  the  solutions  of  which  depend  upon  the  averages 
of  experiments  based  upon  a  certain  number  of  rejaeated  observations, 
as,  for  examjile,  when  gauging  the  delivery  of  a  stream  by  taking 
many  velocity  measurements;  making  a  series  of  tests  on  cement 
briquettes;  or  experimenting  with  the  strength  of  materials,  etc. 

Usually,  the  means  of  various  results  are  classified,  in  some  more 
or  less  arbitrary  manner,  and  these  means  are  accepted  as  the  best 
obtainable  value;  but  the  engineer  is  not  able  to  determine  the  actual 
degree  of  confidence  to  be  placed  in  the  average  value  thus  obtained; 
neither  can  he  determine  whether  the  relation  between  the  individual 
results  and  their  means  are  the  proper  ones,  nor  that  the  number 
of  observations  and  experiments  are  sufficient  to  justify  the  blind 
adoption  of  their  means. 

Generally,  it  has  been  deemed  necessary  to  apply  the  method  of 
least  squares  to  discuss  the  results  of  important  experiments.  This 
method  is  generally  long  and  tedious,  and  many  engineers  are  not 
familiar  with  it,  even  if  they  ever  learned  it  at  school.     Also,  though 
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the  advantage  of  tlie  rigorous  method  of  least  squares  is  easily 
granted,  oft^n  its  application  would  be  entirely  useless,  because  the 
labor  and  time  required  would  seem  unjustifiable  in  a  very  large 
number  of  cases  in  engineering  investigations;  and  yet  it  would  be 
always  desirable  to  learn  if  the  various  observations  are  consistent 
with  each  other,  and  if  their  mean  is  entitled  to  the  proper  degree  of 
confidence. 

If  this  useful  information  could  be  obtained  with  ease  and  rapidity, 
there  is  no  doubt  that  the  engineer  would  avail  himself  of  its  advan- 
tages; and  the  absurd  and  even  dangerous  deductions,  sometimes 
based  ujjon  insecure  averages,  would  be  less  numerous,  thus  fostering 
reliable  progress  in  a  large  number  of  engineering  investigations. 

The  origin  of  the  method  herein  explained  has  an  interesting- 
history,  connected  with  our  Civil  War  in  an  indirect  way. 

When  Napoleon  III  conceived  the  Quixotic  notion  of  re-establish- 
ing the  supremacy  of  the  Latin  races  over  our  Western  Hemisphere 
he  took  advantage  of  the  disordered  condition  of  the  United  States, 
during  our  Civil  War,  to  enlist  against  us  the  hatred  and  fear  of 
Spain  with  regard  to  her  then  West  Indies  possessions,  and  sjjurred 
the  commercial  jealousies  of  England,  to  form  a  triple  alliance 
between  France,  England  and  Spain,  aiming  at  the  destruction  of  our 
national  supremacy. 

During  the  darkest  days  of  the  Civil  War,  and  when  we  wei'e 
unable  to  prevent  it,  the  allied  armies  landed  in  Mexico,  to  found 
a  new  monarchy  upon  our  southern  frontier. 

For  reasons  rather  foreign  to  the  objects  of  this  paper,  Spain  and 
England  withdrew  their  forces  from  American  soil,  leaving  Napoleon 
in  the  lurch.  The  Emperor  Maximilian  had  not  yet  lost  the  prestige 
of  that  formidable  alliance,  when  the  Mexican  armies  had  taken  to  the 
woods,  initiating  the  guerilla  warfare  which  culminated  in  the  capture 
of  the  Emperor,  the  collapse  of  the  Empire,  the  pathetic  madness  of 
the  Empress  Carlotta,  and  the  death  of  the  misguided  and  betrayed 
Emperor.  The  Mexican  armies  operated  in  the  fastness  of  virgin, 
tropical  forests,  and  their  movements  could  be  guided  only  by  the 
astronomical  work  of  F.  D.  Covarrubias,  a  Mexican  engineer  of  great 
ability  and  still  greater  originality. 

The  sextant  used  by  him  for  the  purjioses  of  directing  the  peregrin- 
ations of  the  Mexican  forces  became  injured  beyond  repair  by  the  fall. 
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over  a  precipice,  of  the  mule  carrying  bis  field  equiiiment.  Mr.  Covar- 
rubias,  being  unable  to  find  the  position  of  his  army  by  any  astro- 
nomical process  involving  the  knowledge  of  angular  measures,  set  to 
work  on  the  spot  to  develop  new  methods  of  computation  with  entire 
independence  of  the  graduation  of  the  sextant,  using  only  chronometer 
times  and  the  almanac  data  for  the  solution  of  astronomical  triangles. 
He  felt  obliged  to  modify  many  astronomical  formulas,  including 
those  necessary  for  the  discussion  of  results  by  least  squares.  These 
latter  formulas  he  made  exceedingly  simple  of  application,  and  yet 
capable  of  furnishing  all  the  necessary  accuracy  for  a  large  number  of 
cases  in  engineering  practice. 

There  are  several  least-square  formiilas  for  various  jjurposes,  gen- 
erally known  by  the  names  of  their  inventors;  but  they  all  demand 
considerable  labor  on  the  part  of  the  computer.  The  Oovarrubias 
formulas  can  be  reduced  to  a  table  demanding  only  a  few  seconds  of 
time  to  learn : 

First. — The  probable  error  of  each  individual  result  in  any  series  of 
experiments ; 

Second. — The  probable  error  of  the  mean  of  all  the  results; 

TJiird. — They  furnish  a  fair  criterion  for  the  number  of  repetitions 
required  to  reduce  the  error  of  the  mean  to  any  desirable  limit  of 
accuracy ; 

Fourth. — This  method  avoids  the  necessity  of  squaring  each  one  of 
the  residuals,  or  the  squares  of  the  difference  between  each  result  and 
the  mean  of  all  the  results; 

FiftJi. — It  avoids  the  necessity  of  taking  the  algebraic  sum  of  the 
residuals  and  nearly  all  the  long  and  tedious  processes  of  least 
squares; 

SLvih. — Any  pocket  table  of  logarithms  can  be  used  to  find  the 
probable  errors,  without  the  need  of  interpolations; 

Seventh. — The  formulas  can  be  reduced  to  a  table,  using  as  a  single 
argument  the  number  of  observations  taken. 

The  formulas  chosen  by  Oovarrubias  are : 

r  =  ±0.8453  ^^^  =F\in (1)* 

Vn{n  —  1)  ^  ' 

ro  =  ^=fr (2) 

y  n 

*  See  Doolittle's  Practical  Astronomy,   p.  31.    It  may  be  often  desirable  to  use: 
0-H5  [I*"] 
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In  these  formulas: 

r  =  the  probable  error  of  each  single  result; 
r,j  =  the  probable  error  of  the  mean  of  all  the  observations  or 

results; 
F=  the  residuals,  or  the  numbers  obtained  by  subtracting 
each  result  from  the  mean  of  all  of  them   (without  re- 
gard to  signs); 
[P^J  =  the  arithmetical  sum  of  the  residuals; 
n  =;  the  number  of  observations  taken. 
The  values  of  i^and/,  reduced  to  a  table  for  any  values  of  n,  are 
given  in  Table  No.  1. 


TABLE   No.    1. 


-Logarithms   of  F  and  /  foe  Computing  Pkobable 
Eeeobs. 


n. 

Log.  F. 

Log./. 

n. 

Log.  F. 

Log./. 

2 

9.7765 
9.5379 
9.3874 
9.2765 
9.1884 
9.1154 
9.0529 
8.9983 
8.9499 
8.9063 
8.8667 
8.8304 
8.7970 
8.7659 
8.7369 
8.7097 
8.6841 
8.6600 
8.6371 
8.6154 
8.5947 
8.5749 
8.5560 
8.5379 

9.8495 
9.7614 
9.6990 
9.6505 
9.6109 
9.5774 
9.5485 
9.5229 
9.5000 
9.4793 
9.4604 
9.4430 
9.4269 
9.4119 
9.3979 
9.3848 
9.3724 
9..3606 
9.3495 
9.3389 

9:3191 
9.3099 
9.3010 

26 

8.5206 
8.5038 

8.4877 
8.4722 
8.4572 
8.4428 
8.4288 
8.4152 
8.4020 

8! 3768 
8.3648 
8.3530 
8.3416 
8.3304 
8.3196 
8.3090 
8.2987 

812787 
8.2690 
8.2596 
8.2503 
8.2413 
8.2324 

9.2925 

3 

27 

9  2843 

4 

28 

9.2764 

5 

29 

9.2688 

6                

30 

9  2614 

31 

9.2543 

8 

32 

9.2474 

9 

33 

9  2407 

10 

34 

9.2343 

11 

35 

9  2280 

12 

9.2218 

13 

37 

9.3159 

14 

.38 

9.2101 

15 

39 

9.2045 

16 

40 

9.1990 

17 

41 

9.1936 

18 

42 

9.1884 

19 

20 

43 

44 

9.1833 
9.1783 

21 

45 

9.1734 

22 

46 

9.1686 

23 

47 

9.1639 

24 

48 

9.1594 

49 

9.1.549 

50 

9.1505 

Example  I. — The  following  five  observations  were  taken  to  find  the 
error  of  a  clock : 


Observation. 

Clock  fast. 

V  =  residuals. 

I 

II 

Ill . 

Mill.  Sec. 
16   41.72 
16    41.18 
16    41.15 
16    41. 6U 
16   42.06 

Sec. 
0.18 
0.36 
0.39 
0.06 
0.52 

IV 

V 

16   41.54  =  mean 

[FJ  =  1.51  --^sum 

The  residuals  V  are  obtained 
by  finding  tlie  difference  be- 
tween each  clock  error  and 
the  mean  of  all  the  errors. 

[  F  ]  =  the  arithmetical  sum  of 
the  residuals. 


FUERTES  ON  COMPUTATION  OF  PROBABLE  ERRORS.    255 

Since,  in  this  example,  there  were  five  observations,  we  take  out 
the  values  of  F  and  /  corresponding  to  n  =  5,  proceeding  as  follows : 

Log.  F 9.2765  from  the  table. 

Log.  [V]  =  (1.51)  0.1790  =  log.  of  sum  of  residuals, 

Sum 9.4555  =  log.  r:  hence,  r  =  ±0.28  second, 

Log.  / 9.6505       from  the  table, 

Sum 9.1060  =  log.  r^:  hence,  r,,  ±  0.13  second. 

This  shows  that  the  probable  error  of  each  single  determination, 
r=  r,  is  within  0.28  second,  more  or  less;  and  the  probable  error  of  the 
mean  of  all  observations,  =  r„,  can  be  depended  upon  to  be  true  within 
±0.13  second,  that  is:  considering  the  number  and  nature  of  the  ob- 
servations; the  accuracy  with  which  the  decimals  have  been  carried 
out  in  the  original  time  computations;  the  outstanding  errors  of  the 
stars  chosen,  as  well  as  of  the  instruments  used;  accidental  errors  and 
every  other  circumstance  affecting  the  error-producing  causes  attend- 
ing all  classes  of  observations,  the  probable  errors,  r  and  r,,  measure 
the  degree  of  reliability  of  the  work.  * 

The  value  of  r  must  vary  with  each  individixal  observer  in  every 
case  in  which  the  resialt  depends  upon  personal  skill;  but  it  is  very 
apt  to  remain  constant  for  the  same  observer  alter  he  has  acquired  a 
reasonable  degree  of  practice  in  the  special  manipulation  of  the  work 
in  hand. 

If,  in  the  above  example,  the  observer  should  require  a  better 
degree  of  precision  in  the  probable  error  of  the  mean  than  0.13  second, 
since,  from  the  value  found  for  r,  he  knows  that  the  probable  error  of 
each  observation  is  about  0.3  second,  if  he  should  now  desire  to  reduce 
the  error  of  the  mean  to  0.07  second,  he  must  make 

V 

r,,  z=  -  -  =  0.07  second, 

71 

0  3 
Solving  for  u,  we  get  n  =  16;  because  r„  =    'y.  =  0.07  second. 

lb 

Therefore,  the  observer  must  take  16  observations,  instead  of  5,  to 
obtain  the  desired  result. 

Example  II. — The  following  observations  were  taken  to  ascertain 

the  relation  between  the  velocity  of  water,  as  derived  directly  from  its 

actual  weight  when  passing  through  a  known  cross-section  in  a  given 

time,  and  the  velocity  as  deduced  from  Pitot  tube  observations,  viz. : 

Velocitv  by  weight  /-,,».., 

-— — .,     "      "L,.,    ,"    -     =  Coefficient. 
Velocity  by  Pitot  tube 

*The  rigorous  method  of  least  squares  gives  r  =±  0.26  second,  and  »•    =  ±  0.13  second. 
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Coefficient. 

Residuals. 

Coefflcient. 

Residuals. 

0.8100 

0.0055 

0.8280 

0.0020 

0.8349 

0.0004 

0.8260 

0.0000 

0.8409 

0.0064 

0.8328 

0.0068 

0.8430 

0.0095 

0.8299 

0.00.39 

0.8476 

0.0031 

0.8179 

0.0081 

0.8359 

0.0014 

0.8268 

0.0008 

0.8345 

0.0100 

0.8346 

0.0086 

0.8233 

0.0122 

0.8139 

0.0121 

0.8348 

0.0003 

0.8310 

0.0050 

0.8213 

0.0132 

0.8190 

0.0070 

Sum    =  8.3452 

[F]  =0.0620 

Sum   =8.2.599 

[Pn  =  0.0543 

Mean  =0.8345 

Mean  =  0.8260 

Entering  the  table  with  n  =  10,  we  have,  for  each  set: 


Set  a. 

Set  B. 

Log.  IT 

Log.  [F] 

Log.  r=  sum... 

Lo|./ 

Log.  r„  ■■=  sum.. 

..8.9499  from  the  table, 
...  8.9724 

. .  7.9223,  hence,  r  =  0.0083, 
..  9.5000  from  the  table, 
...  7.4223, hence,  r^  =  0.0026. 

Log.  F 

Log.   [FJ 

Log.  r  =  sum  =. 
Log./- 

.  8.9499  from  the  table, 
..8.7348 

.  7.6847,  hence,  r=  0.0048. 
.  9.5000  from  the  table, 

Log.  r^  =  sum  = 

.  7. 1847,  hence,  ro=  0.0015. 

The  foregoing  is  a  very  instructive  result,  for,  as  may  be  learned 
by  remarks  entered  in  the  notebook  in  which  the  observations  were 
kept,  the  fli-st  set,  A,  was  not  so  good  as  Set  B;  but  the  simple  use  of 
the  table  establishes  the  fact  that  the  probable  error  of  each  single 
experiment  in  Set  A  is  about  twice  as  large  as  those  of  Set  B,  while 
the  probable  errors  of  the  means  in  each  set  differ  by  a  very  much 
smaller  amount. 

If  we  now  use  Sets  A  and  5  as  a  single  set,  we  shall  get,  using 
n  =  20: 

Log.  i^ 8.6371  by  the  table, 

Log.  [V]  =  (0.1169) 9.0678 

Log.  r 7.7049,  hence  r  =  0.0051, 

Log.  /. 9 .  3455  by  the  table. 

Log.  r^ 7.0504,  hence r^=  0.0011; 

from  which  we  learn  that  the  probable  error  of  the  single  result  is 
smaller  than  even  the  average  of  the  previous  values  for  each  set; 
while  the  probable  error  of  the  mean  result  of  the  entire  sets,  A  -\-  B, 
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is  less  than  one-half  of  the  value  found  by  the  averages  of  the  inde- 
pendent sets.  This  establishes  the  usefulness  of  Set  A  to  be  consid- 
ered as  tending  to  give  accuracy  to  the  final  result,  and  thus  the  best 
value  of  the  coefficient  sought  is  0.83025  ±  0.0011. 

No  claim  is  made  for  originality:  The  intention  of  the  -wTiter  has 
been  only  to  place  an  easily  handled  tool  in  the  hands  of  members  of 
the  Society.  Extensive  practice  has  proved  the  usefulness  of  this 
approximate  method  for  the  discussion  of  experiments. 
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WITH  DISCUSSION. 


Introductory. — Tlie  preparation  of  this  pajaer  has  been  undertaken 
in  order  that  the  story  of  this  interesting  engineering  work,  and,  jiar- 
ticularly,  an  account  of  its  operations,  might  be  recorded  in  one  narra- 
tive, with  all  the  necessary  data  at  hand  for  a  study  of  conditions  and 
efifects  produced  thereby. 

One  of  the  writers  was  a  member  of  the  Lawrence  Water  Board*  for 

five  years,  from  January  1st,  1895,  and,  during  that  time,  had  opi^or- 

tunity  to  learn  the  details  of  the  cost  of  operation  and  the  results  of 

changes  in  methods.     The  other  has  had  occasion  to  study  the  records 

and  determine  the  efficiency    of  the  filter  from  the  standijoint  of  the 

unbiased  investigator. 

*  The  members  of  the  Water  Board  for  1901  are  Mr.  A.  S.  Robinson,  President,  and 
Messrs.  Daniel  Gallagher,  J.  J.  Desmond,  Edward  Arundel  and  Charles  Donovan,  to 
whom  the  writers  are  indebted  for  allowing  much  of  the  infoi  mation  in  the  files  of  the 
Board  to  become  available. 
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Many  of  the  data  and  statements  in  portions  of  the  paper  preced- 
ing and  including  "  Description  and  Construction"  have  been  largely 
compiled  from  more  complete  descriptions  in  other  publications. 
This  action  appears  amply  justitiable  on  account  of  the  value  of  hav- 
ing these  data,  for  which  no  originality  can  be  claimed,  in  comprehen- 
sive form  for  reference  and  study.  The  writers  make  this  statement 
in  order  that  there  may  be  no  misunderstanding  as  to  the  authority  for 
all  such  information,  the  credit  for  which  has  been  given  in  each  case. 

Lawbence. 
The  City  of  Lawrence  is  situated  in  the  northeasterly  part  of  the 
State  of  Massachusetts,  not  far  from  the  New  Hampshire  boundary 
line.  It  is  the  second  largest  city  in  Essex  County,  and  ranks  as 
the  seventh  in  pojiulation  among  those  of  the  State.  The  entire 
area,  which  is  about  7.3  sq.  miles,  is  rather  compactly  built  up,  the 
larger  and  denser  settlement  being  on  the  northerly  bank  of  the 
Merrimac  River,  with  a  smaller  and  now  rapidly  developing  section 
south  of  the  stream.  The  growth  of  the  city  since  its  first  settlement 
in  1843  has  been  vigorous,  and  the  statistics  of  the  population,  as 
given  by  the  successive  census  reports,  are  given  in  Table  No.  1. 

TABLE  No.  1. — Population  of  Lawrence,  Mass. 


The  city  is  distinctively  a  manufacturing  community,  and  its  popu- 
lation, like  others  of  New  England  having  similar  industries,  embraces, 
besides  native  Americans,  many  of  foreign  descent.  A  large  proportion 
of  the  people  has  lived  in  well-constructed  tenement  buildings,  owned 
by  the  mill  corporations,  and  maintained,  jjarticularly  during  the  early 
history  of  the  town,  under  favorable  sanitary  regulations;  all  of  which 
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tended  to  promote  a  state  of  general  good  health,  superior  to  that  of 
many  manufacturing  cities  of  this  character.  At  the  present  time, 
while  there  is  a  restricted  portion  in  which  the  conditions  are  more  like 
those  which  usually  obtain  in  thickly  populated  factory  cities,  the 
foregoing  statement  in  regard  to  the  hygienic  conditions  is  true  for 
most  of  the  city. 

Mekkimac  Eivek. 

Water-Shed. — The  Merrimac  River  is  formed  by  the  union  of  the 
Pemigewasset  and  Winnipiseogee  Rivers,  near  the  central  part  of  New 
Hampshire.  Thence,  it  takes  a  generally  southerly  course  to  a  point 
in  the  neighborhood  of  Lowell  near  the  Massachusetts-New  Hampshire 
boundary  line,  where  it  turns  sharply  and  flows  in  a  northeasterly 
direction  to  the  Atlantic  Ocean.  The  source  of  the  first-named  tribu- 
tary is  in  the  southwesterly  slopes  of  the  Franconia  Mountains,  while 
the  latter  flows  from  a  large  lake  of  the  same  name,  and  the  water-sheds 
of  both  rivers  are  very  rugged.  As  the  main  river  flows  southward, 
the  country  becomes  less  mountainous,  until  in  the  southerly  portion 
of  New  Hamjashire  and  the  northerly  part  of  Massachusetts,  it  is  rolling 
and  abounds  in  hills  which  are  often  steep  but  of  no  great  height. 
Along  the  lower  course  of  the  river  the  water-shed  area  is  quite  flat, 
jDarticularly  in  the  down-stream  portion  of  the  valley  of  the  Concord 
River  (the  principal  tributary  entering  the  Merrimac  within  Massa- 
chusetts), where  large  areas  of  flat  meadow  and  swamp  land  border 
upon  this  stream. 

Sanitary  Conditions. — At  Concord  and  Manchester  in  New  Hampshii-e 
and  at  Lowell  and  Lawrence  in  Massachusetts,  large  water  powers  have 
been  developed.  These  are  quite  thoroughly  utilized  by  many  textile 
and  other  industries,  in  some  of  which  steam  is  also  used  as  an 
auxiliary  source  of  power.  The  tributaries  of  the  river  above  Lawrence 
have  also  been  developed  for  water  power  at  many  points,  at  which 
mills  (the  largest  of  which  are  at  Nashua,  N.  H.),  have  been  erected 
and  are  in  operation.  From  all  these  places  manufacturing  refuse 
and  waste  of  various  kinds  is  turned  directly  into  the  stream.  Above 
Lawrence  the  river  receives  the  unpurified  sewage  of  Concord, 
Frankhn,  Laconia,  Manchester  and  Nashua  in  New  Hamj^shire,  and  of 
Fitchburg,  Hudson,  Leominster  and  Lowell  in  Massachusetts,  having, 
in  1900,  an  aggregate  population  of  258  751.  It  further  receives  the 
purified  efiiuents  from  sewage  disposal  systems  in  the  towns  of  Clinton, 
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Concord,  Framiiigham,  Marlborough,  Natick  and  Westborough  in  Mas- 
sachusetts, having,  according  to  the  census  of  1900,  a  total  population 
of  59  118. 

In  1878  the  Legislature  of  Massachusetts,  by  special  enactment, 
made  the  Merrimac  River  a  free  receptacle  for  sewage,  the  quantity  of 
which  has  been  greatly  increased  from  year  to  year,  until,  in  1900,  the 
amount  of  such  pollution  entering  the  stream  directly  is  estimated  to 
have  been  1  gall,  in  every  40*  flowing  in  driest  times  in  the  stream  past 
the  city  of  Lawrence,  or  1  gall,  in  every  200,*  representing  the  average 
flow  of  the  stream  Referring  to  the  pollution  of  the  Merrimac  River, 
prior  to  its  purification  for  the  water  supi^ly  of  Lawrence,  Mr.  Hii'amP. 
MUls,  as  Chaii-man  of  the  Committee  on  Water  Supply  and  Sewerage  of 
the  Massachusetts  State  Board  of  Health,  in  a  communication  to  the 
Mayor  of  the  city,  dated  January  30th,  1891,  stated: 

"The  amount  of  sewage  that  has  directly  entered  the  river  and  its 
branches  during  the  chemical  examinations  of  the  past  three  years 
(1887-1890),  has  been  estimated  to  be  about  1  gall,  in  600  galls,  of  the 
river  water  passing  Lawrence."!  A  comparison  of  these  data  indicates 
that  the  increase  of  polluting  matters  entering  the  river  during  the  j^ast 
decade  has  been  very  marked. 

The  total  area  of  the  Merrimac  River  water-shed  above  the  Lawrence 
Dam  is  estimated  to  be  4  630  sq.  miles,  containing  a  total  population  of 
480  000,  J  or  about  104  persons  per  square  mile,  of  which  figure  about  65 
l^ersons  represent  urban  population  in  cities  and  towns  having  in  1900 
over  5  000  people. 

The  water  power  of  the  stream  at  Lawrence  has  been  developed  and 
is  controlled  by  the  Essex  Company,  which,  from  1845  to  1848,  constructed 
a  long  dam,  averaging  32  ft.  in  height,  across  the  stream  near  the  center 
of  the  city.     The  mill  pond  formed  by  the  dam  extends  up  stream  to 

*  These  figures,  respectively,  are  based  upon  the  assumption  that  the  Merrimac 
River  receives  an  amount  of  crude  sewage  equivalent  to  75  and  to  100  galls,  per  day  per 
person  resident  on  the  water-shed  above  Lawrence  in  cities  provided  with  sewers  which 
discharge  without  purification  directly  into  the  stream. 

t  Annual  Report.  Massachusetts  State  Board  of  Health,  1890,  p.  533. 

t  This  figure  has  been  obtained  by  using  as  a  basis  the  estimated  population,  in  1885, 
living  on  the  water-shed  of  the  Merrimac  River  above  the  dam  at  Lawrence  (Special 
Report,  Massachusetts  State  Board  of  Health,  1890,  Part  L  p.  442).  From  these  data,  the 
population  of  rural  districts  on  the  water-shed  in  both  New  Hampshire  and  Massachu- 
setts was  obtained,  and  the  numbers  adjusted  to  the  year  1900.  The  adjustment  was 
accomplished  by  using  the  estimated  percentage  of  growth  in  the  entire  rural  districts 
of  both  States  during  the  period  from  1885  to  1900.  The  population  of  the  cities  and  larger 
towns  upon  the  water-shed  of  the  river  above  Lawrence  was  determined  accurately 
from  the  census  enumeration  of  1900.  Approximately  the  same  result  was  obtained  by 
apportioning  the  1900  census  figures  of  population  of  the  various  cities  and  towns  on 
the  water-shed  according  to  the  position  of  the  divide  line.  The  total  water-shed  popu- 
lation thus  obtained  is  believed  to  represent  quite  closely  the  actual  conditions  at  the 
present  time. 
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Hunt's  Falls,  in  Lowell,  a  distance  of  about  9  miles,  and  tlie  entire 
volume  of  water  stored  therein  is  roughly  estimated  to  be  equivalent 
to  about  2  hours'  flow  of  the  river  during  times  of  flood;  while,  during 
the  driest  periods,  from  2  to  2|  days  may  be  required  to  entirely 
change  the  water  stored  in  the  pond  above  the  dam.  The  ordinary 
dry-weather  flow  of  the  river,  which  is  comparatively  large  owing  to 
the  very  considerable  storage  obtained  in  Lake  Winnipiseogee  and 
other  controlled  bodies  of  water  in  the  lake  region  of  New  Hampshire,  is 
estimated  to  be  one-fourth  of  the  average  yearly  flow,  and  is  jsrobably 
sufficient  to  change  the  water  in  the  pond  above  the  Lawrence  Dam  in 
from  30  to  36  hours. 

Muddiness  of  River. — Usiially,  the  water  of  the  Merrimac  at  the 
intake  of  the  Lawrence  Water-Works  does  not  contain  a  large  amount 
of  suspended  matter,  such  as  clay  or  silt,  the  normal  quantity  being 
estimated  to  be  about  10  parts  per  million.*  During  freshets,  how- 
ever, the  amount  of  silt  carried  by  the  stream  is  greatly  increased;  but 
this  material,  being  of  comjoaratively  coarse  structure,  requires  no 
great  length  of  time  for  settlement,  so  that  in  a  few  days  after  severe 
storms,  the  water  again  assumes  its  normal  character. 

In  April,  1895,  during  a  period  of  severe  freshet,  a  study  was  con- 
ducted at  the  Lawrence  Experiment  Station  to  determine  the  maximum 
quantity  of  solids  contained  in  the  water  of  the  river  at  such  times, 
together  with  the  rapidity  of  settlement  and  the  consequent  interval 
required  by  the  water  to  return  to  its  normal  condition,  f  On  April 
16th,  during  the  height  of  the  flood,  the  water  flowing  in  the  river  was 
found  to  contain  total  solids  to  the  amount  of  1  110  parts  per  million, 
of  which,  57  parts,  or  about  5.1%,  represented  organic  matter  lost  on 
ignition.  A  tube  11  ins.  in  diameter  and  6  ft.  long  was  filled  with  this 
water  and  was  allowed  to  stand  quiescent  for  24  hours,  at  the  end  of 
which  time  samples  were  taken  from  various  depths  for  analysis,  the 
results  of  which  showed  that  uniformly  in  the  upper  5  ft.  of  the  tube 
the  water  contained  from  82  to  83  parts  per  million  of  total  solids,  while 
in  the  lower  foot  the  heavier  particles,  representing  nearly  1  030  parts 
per  million,  had  collected.  The  percentage  of  loss  on  ignition  of  the 
solids  found  in  the  upper  portions  of  the  tube  varied  from  23  in  the  first 
to  30  in  the  fifth  foot  from  the  top. 

*  Report  on  the  Purification  of  the  Washington  (D.  C),  Water  Supply,  1901;  page" 
ziii. 

t  Annual  Report,  Massachusetts  State  Board  of  Health,  1895,  pp.  527-528. 
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The  results  of  examination  of   the  water  flowing   in  the  river  on 
April  16th  and  on  eight  succeeding  days  are  given  in  Table  No.  2. 

TABLE  No.    '2. — Total   Solids  in   Mekrimac   Rivek   Watee  During 
THE  Freshet  of  1895. 


Total,  Solids. 

Loss  ON  Ignition. 

Percentage  of 

Percentage  of 

the  solids  in  river 

loss  on  ignition. 

water  on  April 

Parts  per  million. 

April  16 

1  110 

57 

5 

100 

"      17 

452 

82 

18 

41 

"     18 

162 

38 

24 

15 

"      19 

111 

27 

24 

10 

"     20 

78 

14 

18 

7 

"     22 

74 

24 

32 

7 

"     23 

69     ■ 

16 

6 

"     24 

53 

13 

24 

5 

"     25 

45 

8 

18 

4 

Note.— The  average  Residue  on  Evaporation,  determined  on  samples  of  Merrimac 
River  water  after  passing  through  filter  paper,  has  been  equal  to  about  40  parts  per 
million.  The  Total  Solids  in  excess  of  this  quantity  probably,  therefore,  represents, 
quite  closely,  Suspended  Matter  carried  by  the  stream. 

By  April  25th  the  river  had  returned  to  its  usual  condition,  the  total 
period  during  which  the  amount  of  silt,  due  to  the  freshet,  was  abnor- 
mally high  being  9  days;  while  only  3  days  were  required  either  for 
90^  of  the  solids  to  settle  out  of  the  water,  or  else  for  the  very  turbid 
water  to  pass  by  and  water  containing  only  lO^*  of  the  maximum 
amount  of  mud  to  take  its  place. 

Table  No.  3  has  been  prepared  in  order  that  certain  data  relative  to 
the  water-shed  and  the  character  of  the  water  of  the  Merrimac  may  be 
compared  with  those  of  other  streams  in  regard  to  which  similar  infor- 
mation is  available. 

Consideration  of  an  Improvement  of  the  Water  Supply. 

Old  Filter  Gallery. — When  the  water- works  were  constructed,  from 
1873  to  1876,  i^rovision  was  made  to  take  water  directly  from  the  Mer- 
rimac Eiver  through  a  36-in.  cast-iron  pipe,  132  ft.  long,  beginning  at 
the  river,  and  in  extension,  through  38  ft.  of  i-ft.  brick  conduit,  to  a 
well  located  under  the  pumping  station.  It  was  also  provided  that 
clarified-  water  should  be  drawn  from  a  stone  and  brick  filter  gallery,  8 
ft.  in  width  and  height,  and  300  ft.  long,  extending  down  stream  from 
the  pumping  station  at  right  angles  to  the  direct  inlet  pipe  and  conduit. 
The  elevation  of  the  bottom  of  the  conduit,  and  that  of  the  gallery,  is 
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about  Elevation  26,  the  same  as  the  floor  of  the  pump-well,  or  practi- 
cally 11  ft.  below  the  usual  low  water  in  the  river.  The  filter  gallery  was 
constructed  in  a  stratum  of  coarse  gravel,  with  side-walls  laid  in  cement 
but  not  thoroughly  tight.  The  bottom  consists  of  cross-blocks  of 
granite,  1  ft.  wide  and  spaced  10  ft.  apart,  tilled  in  between  with  small 
stone.     The  roof  is  a  brick  masonry  arch,  8  ins.  thick. 

It  was  the  original  intention  to  use  water  from  the  filter  gallery  at 
such  times  as  the  river  carried  undesirable  amounts  of  silt  in  suspension, 
although  at  the  time  of  construction  it  was  uncei-tain  whether  or  not  the 
full  supply  for  the  city  could  be  obtained  for  all  time  through  this  struct- 
ure. Its  inadequacy  to  meet  the  requirements  of  the  city  was  soon  appar- 
ent, and,  m  the  first  anoual  report  of  the  Water  Board,  dated  January  1st, 
1877,  it  was  stated  that  sufficient  water  would  not  percolate  through  the 
gravel  to  the  gallery,  and  that  it  had  become  necessary  to  excavate  a 
channel  between  this  structure  and  the  river.  The  channel  had,  at  the 
lower  end,  a  direct  open  connection  with  the  river,  which  allowed  the 
water  to  flow  back  along  the  side  of  the  gallery.  By  this  means  its 
capacity  was,  for  a  time,  apjiarently  increased,  though  not  to  the  required 
amount,  and  a  further  extension  of  the  works  down  stream  was  considered. 
An  enlargement  of  the  channel,  in  1878,  failed  to  produce  an  adequate 
increase  in  the  yield  from  the  gallery.  The  report  of  the  Water  Board 
for  this  year  gave  evidence  of  the  development  of  a  belief  that  the 
importance  of  a  sufficient  supply  of  clear,  wholesome  water  demanded 
some  better  mode  of  filtration  than  that  then  in  use. 

In  the  eighth  annual  rej^ort,  for  the  year  1883,  it  was  stated  that  it 
was  apparent  that  the  gallery  was  gradually  silting  up,  and  that  most  of 
the  water  came  from  the  land  side.  It  is  evident,  therefore,  that  from  the 
very  first,  the  filter  gallery  was  incapable  of  furnishing  the  whole  siapply 
for  the  city,  and  that  its  capacity  constantly  diminished  until  it  was 
practically  insignificant,  inasmuch  as  the  flow  from  the  hillside  was 
inconsiderable  compared  with  the  demands  of  the  city's  consumption. 

Varions  Projects. — Upon  several  occasions,  after  the  introduction  of 
a  public  water  supply,  it  was  noticed  that  outbreaks  of  tyjjhoid  fever  in 
Lawrence  followed  a  prevalence  of  the  same  disease  in  Lowell,  and  in 
the  latter  part  of  1890  attention  was  again  called  with  anxiety  to  the 
excess  of  this  disease  in  the  city.  The  citizens,  generally,  boiled  the 
water  for  drinking  purposes,  and  many  of  the  schools,  mills  and  dwelling- 
houses  were  supjilied  from  springs  in  the  suburbs.     On  January  31st, 


KNOWLES  AND  HYDE  ON  LAWRENCE,   MASS.,   FILTER.  267 

1891,  a  conference  was  held  between  the  Water- Works  Committee  of  the 
City  Councils  and  the  past  and  present  members  of  the  Water  Board. 
This  meeting  resulted  in  a  better  understanding  of  the  need  of  an  un- 
polluted drinking  water  for  the  people,  but  there  was  a  diversity  of 
opinion  as  to  the  relative  merits  of  an  entirely  new  and  uncontaminated 
supply  from  some  of  the  New  Hampshire  ponds,  and  the  old  supply 
from  the  Merrimac  River,  suitably  purified  by  filtration. 

About  the  middle  of  March,  1891,  "The  Salem  Water  Company  " 
was  incorporated  by  the  New  Hampshire  Legislature,  with  the  ostensible 
purpose  of  furnishing  water  to  the  town  of  Salem,  N.  H. ;  but  at  the 
same  time  there  were  granted  to  the  company  such  broad  charter  powers 
that  other  rights  to  the  waters  of  southern  New  Hampshire  were  pre- 
cluded. Meanwhile,  a  long  series  of  experiments  conducted  by  the 
State  Board  of  Health,  under  the  supervision  of  Mr.  Hiram  F.  Mills, 
since  the  establishment  of  the  Experiment  Station  at  Lawrence  in  1887, 
had  given  evidence  that  the  water  of  the  Merrimac  River  could  be  ren- 
dered entirely  satisfactory  and  safe  for  drinking  purposes  by  intermit- 
tent sand  filtration.  The  Water  Board  on  June  22d,  1891,  presented  to  the 
City  Councils  a  report  covering  the  whole  question  of  the  improvement 
of  the  supply,  in  which  were  stated  the  several  objections  to  a  supply 
from  wells,  and  to  a  supi^ly  from  Great  Pond  in  North  Andover,  or  from 
ponds  in  southern  New  Hampshire,  and  finally  recommended  that  the 
use  of  water  from  the  Merrimac  River  be  continued,  but  that  it  be 
filtered — the  system  of  filtration  to  be  determined  subsequently.  This 
report  was  accepted  and  referred  to  the  Committee  on  Water- Works,  but 
no  other  action  was  taken.  About  this  time  a  j^etition  was  presented  to 
the  city  government  by  prominent  citizens,  and  discussed  at  a  joint 
convention  held  July  22d,  1891,  asking  for  the  appointment  of  a  com- 
mission, independent  of  the  Water  Board,  to  consider  the  entire  water 
sui)ply  problem,  but  no  action  upon  the  jjetition  was  taken. 

Advice  of  State  Board  of  Health.*— The  Water  Board  of  1892,  on  Feb- 
ruary 29th,  requested  the  advice  of  the  State  Board  of  Health  relative  to 
mechanical  filtration.  The  latter  board,  on  March  9th,  stated  that  it  was 
unable  to  advise  that  any  of  the  rapid  mechanical  filters  then  in  use  would 
purify  the  Merrimac  River  water  sufficiently  to  insure  exemj^tion  from 
typhoid  fever,  but  they  did  advise,  however,  that  by  a  process  of  slow 
intermittent  filtration  at  a  rate  of  400  000  galls,  per  acre  per  day,  bac- 

*  The  information  in  this  section  has  been  obtained  from  the  Reports  of  the  Massa- 
chusetts State  Board  of  Health. 
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teria  could  be  very  completely  removed.  On  June  5th,  1892,  the  State 
Board  of  Health,  in  answer  to  a  subsequent  communication,  dated 
May  6th,  relative  to  filtration  through  sand,  advised  the  Water  Board 
that  a  satisfactory  jDurification  of  river  vrater  would  be  obtained 
with  sand  filters  of  proper  material  5  ft.  deep,  operated  at  a  rate 
of  1  500  000  galls,  per  acre  daily.  It  was  also  stated  that,  in  order 
to  produce  satisfactory  results,  it  was  deemed  necessary  to  free  the 
river  water  from  the  sediment  carried  during  freshets,  before  apply- 
ing it  to  the  filters,  which  could  be  located  conveniently  upon 
the  hill  just  above  the  reservoir.  To  accomplish  the  preliminary 
clarification  of  the  water,  it  was  advised  that  a  filter  of  coarse  sand 
should  be  provided  at  the  river  bank.  The  Board  of  Health  also 
advised  that,  in  its  judgment,  a  marked  decrease  in  the  death  rate 
from  typhoid  fever  could  be  brought  about  simply  by  the  construc- 
tion and  proper  maintenance  of  the  filter  referred  to,  at  the  river 
bank.  Furthermore,  it  was  strongly  recommended  that  the  excessive 
death  rate  from  typhoid  fever  demanded  that  some  method  of  purify- 
ing the  water  be  adopted  at  once. 

Filler  Construction. — The  Water  Board  concluded  that  the  project 
to  build  a  filter  at  the  river  bank  was  the  more  feasible,  and  decided  to 
proceed  with  its  construction,  according  to  jjlans  and  directions  to  be 
given  by  the  State  Board  of  Health.  On  August  4th,  1892,  a  visit  of 
the  State  Board  of  Health,  the  Water  Board  and  city  officials  was 
made  to  the  j)roposed  site.  The  City  Councils  granted  the  Water 
Board  permission  directly  afterward  to  expend  ^20  000  of  its  earnings 
for  the  purpose  of  filter  construction.  Ground  was  broken  on  Sep- 
tember 10th,  and  150  men  placed  upon  the  work.  On  November  13th, 
an  additional  SIO  000  was  allowed  for  its  further  prosecution,  and  this 
sum  was  found  sufficient  until  the  end  of  the  year. 

At  the  beginning  of  the  new  year,  owing  to  a  feeling  of  uncertainty 
on  the  part  of  the  City  Councils  as  to  the  promised  action  of  the  filter 
in  i^urifying  the  river  water,  there  was  considerable  discussion  in  regard 
to  rene^ving  the  work  of  construction.  However,  it  was  finally  decided 
on  February  13th,  1893,  to  proceed  with  diligence,  under  the  joint 
direction  of  the  Water- Works  Committee  of  the  City  Councils  and  the 
Water  Board,  the  cost  being  provided  from  the  Incidental  Fund. 
After  October  1st,  the  expenditures  were  again  charged  to  the  water- 
works account.     The  filter  was  completed  and  water  turned  on  Sep- 
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tember  20th,  1893,  and  it  lias  continued  to  furnish  the  city  with  filtered 
water  to  the  present  time. 

The  cost  of  construction  of  the  filter  to  the  end  of  the  year  1893 
was  aboiit  ^65  500.  Additional  construction,  for  the  most  part  under- 
taken with  a  view  to  facilitate  operations  and  render  the  maintenance 
more  efficient  and  less  expensive,  has  been  carried  out  from  time  to 
time,  the  cost  of  which  appears  in  detail  in  a  later  portion  of  this 
paper. 

DeSCKIPTION   of   the   FrLTEE.* 

The  Lawrence  City  Filter  was  designed  by  Mr.  Hiram  F.  Mills, 
Chairman  of  the  Committee  on  "Water  Supply  and  Sewerage  of  the 
State  Board  of  Health  of  Massachusetts,  to  whom  credit  is  due  for  giv- 
ing his  time  and  energy  to  bring  about  such  a  benefit  to  the  city. 

Location  and  Dimensions. — The  filter  is  located,  as  shown  in  Fig.  1, 
on  the  northerly  bank  of  the  Merrimac  Biver,  about  one  mile  above 
the  Essex  Company's  Dam,  and  immediately  east  of  the  pumping 
station. 

It  is  somewhat  irregular  in  outline,  having  a  total  length  of  about 
750  ft. ,  an  average  width  of  140  ft. ,  and  a  surface  area,  including  the 
main  carrier,  of  2.44  acres.  The  filter  surface  is  divided  by  transverse 
carriers  into  25  portions  or  beds,  each  having  an  average  width  of  30  ft. 
This  gives  an  available  filtering  surface,  including  lateral  carriers,  of 
2.36  acres;  or,  withoiit  these  carriers,  of  about  2.3  acres. 

In  constructing  the  filter,  the  bed  and  bank  of  the  river  were  exca- 
vated generally  to  7  ft.  below  usual  low  water  (equal  to  Elevation  37, 
which  is  the  top  of  the  flash  boards  on  the  Essex  Company's  dam),  for 
a  distance  of  about  150  ft.  southerly  from  the  old  filter  gallery,  and  in 
the  river  bank  east,  or  down  stream,  a  sufficient  distance  for  the  total 
length  of  the  filter.  Suitable  material  from  the  excavation  was  jilaced 
in  a  tight  embankment  on  the  ends  and  on  the  side  toward  the  river, 
of  such  a  height  as  to  be  9  ft.  above  usual  low  water,  and  high  enough 
to  exclude  freshets. 

Main  Conduit  and  Undei-drains.  — The  underdrain  pipes  which  extend 
across  the  filter  from  north  to  south,  were  arranged  with  centers  about 
30  ft.  apart.     For  a  width  of  5  ft.  along  the  line  of  drain  j^ipe  the  exca- 

*  This  description  is  largely  abstracted  from  the  paper  by  the  designer,  entitled 
"  The  Filter  of  the  Water  Supply  of  the  City  of  Lawrence,  and  Its  Results;"  to  which 
the  writers  refer  for  further  details  not  given  here.  (See  25th  Annual  Report  of  Massa- 
chusetts State  Board  of  Health  for  1893,  pp.  545-560.) 
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vation  was  continued  to  Elevation  29,  and  midway  between  the  lines  ot 
underdrains,  for  a  width  of  5  ft.,  the  depth  of  the  excavation  was  only 
to  Elevation  31.  The  bottom  between  these  two  levels,  for  a  width  of 
20  ft. ,  was  excavated  Avith  a  slope  of  1  in  10.  Thus  it  will  be  seen 
that  the  bottom  of  the  filter  when  excavated,  ready  to  receive  the  filter- 
ing material,  was  waved,  with  alternate  level  ridges  between  the  lines 
of  underdrains,  and  flat  valleys  in  which  the  underdrains  themselves 
were  placed. 

The  old  filter  gallei-y  extended  easterly  along  the  northerly  edge  of 
the  excavation  for  the  filter,  from  the  pumping  station  at  the  westerly 
or  up-stream  end,  through  a  distance  of  300  ft.  to  a  point  about  oppo- 
site Bed  No.  11.  From  the  gallery  a  main  conduit  was  extended  east- 
ward in  the  filter  beds,  running  parallel  with  and  about  20  ft.  south  of 
the  northerly  edge  of  the  filter.  This  conduit  is  circular  in  shajDe  and 
its  westerly  jjortion  is  4  ins.  thick,  and  built  of  brick  laid  without 
mortar  in  the  end  joints,  thus  allowing  spaces  a  little  more  than  ^  in. 
wide  for  the  entrance  of  filtered  water.  The  conduit  is  2  ft.  in  diame- 
ter for  105  ft.  from  the  end  of  the  filter  gallery ;  thence  20  ins.  for  120 
ft.;  16  ins.  for  65  ft.;  12  ins.  for  30  ft.;  continuing  with  successive 
lengths  of  30  ft.  each  of  vitrified  pipes  having  diameters  of  10,  8  and  6 
ins.,  respectively.  The  entire  conduit  was  surrounded  with  8  ins.  of 
gravel,  the  inner  4  ins.  being  of  stones  about  2  ins.  in  diameter,  and 
this  was  covered  with  layers  of  stones  of  decreasing  sizes. 

From  the  conduit  and  old  filter  gallery,  which  was  pierced  at  suit- 
able jjlaces  for  the  purpose,  lateral  underdrains  of  vitrified  pipe  were 
laid  in  a  southerly  direction  upon  the  excavated  bottom,  with  a  slope 
of  1  in  100,  for  a  distance  equal  to  four-tenths  of  that  from  the 
main  conduit  to  the  southerly  edge  of  the  filter.  Beginning  at  the 
main  conduit,  the  pij^es  were  laid  in  the  following  order:  One  length 
of  10-in.,  two  lengths  of  8-in. ,  from  35  to  65  ft.  of  6-in.,  ending  with 
three  lengths  of  4-in.  The  pipes  were  jDlaced  so  that  the  sjiigot  end  of 
one  approached,  but  did  not  enter,  the  bell  end  of  the  next,  and  the 
drains  throughout  were  covered  by  a  4-in.  layer  of  2-in.  gravel.  Upon 
this  layer,  which  averaged  about  6  ins.  in  actual  depth,  there  werejjlaced 
successive  courses  of  gravel  of  the  following  sizes  and  of  the  approxi- 
mate thicknesses  (given  for  an  average  section)  to  make  a  total  of  12  ins. 
of  underdrain  material:  2  ins.  of  1^-iu.,  1  in.  of  f-in.,  1  in.  of  |-in.,  1 
in.  of  "Tfi-in.  gravel,  then  1  in.  of  coarse  mortar  sand.     The  course  of 
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i^-in.  material  was  spread  out  to  a  width  of  17  ft.,  and  the  last  coiirse 
was  spread  out  to  a  width  of  20  ft.  Beyond  the  pipes,  the  largest  stones, 
forming  the  lowest  course,  were  laid  upon  the  surface  of  the  excavation 
and  were  spread  out  to  a  general  width  of  5  ft.,  with  the  next  courses 
each  spread  out  a  little  beyond  the  one  just  below.  The  15-in.  gravel 
extended  southerly  to  within  12.5  ft.  of  the  edge  of  the  main  distribut- 
ing channel,  with  the  end  of  the  coarse  sand  7.5  ft.  further  south. 

The  largest  stones  used  in  the  underdrains  were  selected  by  hand, 
and,  if  covered  with  dust  or  dirt,  were  washed.  The  smaller  sizes 
were  obtained  by  screening,  but  were  not  washed.  The  stones  of  the 
two  larger  sizes,  namely,  2-in.  and  IJ-in.,  were  placed  by  hand  at  the 
open  joints  of  the  pipes,  but  the  layers  of  smaller  sizes  were  all  shoveled 
into  place.  The  arrangement  of  all  the  above-mentioned  material, 
including  the  sand,  is  shown  for  several  sections  in  Fig.  2. 

Filter  Saiids. — Immediately  over  the  center  lines  of  the  underdrains, 
that  is,  over  that  portion  of  the  beds  excavated  to  the  greatest  depth, 
and  extending  5  ft.  on  either  side,  there  was  placed  a  body  of  sand,  with 
a  maximum  depth  of  5  ft.  in  the  center.  Over  the  ridges  of  the  excava- 
tion for  the  filter,  midway  between  the  lines  of  underdrains  and  for  a 
distance  of  10  ft.  on  either  side,  there  was  placed  a  body  of  sand,  having 
a  minimum  depth,  over  the  flat  portion  of  the  ridge,  of  3  ft.  The 
effective  size  of  the  sand  over  the  underdrains  was  approximately  0.25 
mm.  and  of  the  remainder  was  about  0.30  mm. 

It  will  be  seen  by  this  construction  that  the  lowest  portions  of  the 
filter  surface  are  those  directly  over  the  ridges  of  the  excavation  and 
half  way  between  the  underdrains;  the  general  elevation  of  the  surface 
of  these  parts  being  3  ft.  below  the  usual  low-water  elevation  of  the 
river,  and  1  ft.  below  the  sand  surface  over  the  underdrains.  For  a 
width  of  5  ft.  over  the  center  lines  of  both  ridges  and  underdrains  the 
surface  of  the  sand  is  flat,  and  between  these  level  areas  the  sand  has  a 
slope  of  1  in  10.  This  form  of  surface  is  such  that  water  can  be  readily 
introduced  upon  the  filter  to  refill,  without  producing  currents  sufii- 
ciently  rapid  to  cause  appreciable  disturbance. 

Sand  and  gravel  for  the  filter  were  obtained  from  a  large  deposit 
back  from  the  river,  and  distant  about  |  mile  from  the  works.  The 
material  found  at  this  place  was  by  no  means  uniform,  and  suitable 
grades  were  obtained  by  selecting  certain  layers  and  pockets,  and  by 
judicious  screening  and  mixing  of  these  various  kinds. 
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CROSS-SECTION  AT  NORTH  END  OF  BED. 


CROSS-SECTION  AT  BEGINNING   OF  PIPE  UNDERDRAII 


TYPICAL  SECTIONS  OF  UNIT  BEDS  IN  LAWRENCE  CITY  FILTER. 
APRIL,  1901, 

copied  from  plan  furnished  by  a.  d.  marble,  city  engineer. 
Fig.  2. 
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Care  was  taken  in  depositing  the  sand  in  the  filter  to  render  the  mass 
as  homogeneous  as  possible.  It  was  placed  in  two  layers.  The  first 
layer  was  covered  with  planks  as  fast  as  deposited,  and,  upon  the  plank 
platform,  loads  were  hauled  and  dumi^ed  near  the  edge,  so  that  a  part 
fell  naturally  into  place,  and  the  remainder  was  shoveled.  Material, 
exposed  to  sun  and  wind  before  being  finally  placed,  was  shoveled 
over,  to  lessen  the  danger  from  the  collection  of  the  larger  particles  at 
the  bottom  of  dry  piles  of  sand.  The  second  layer  was  dumped  upon 
platforms  resting  on  the  first  and  then  shoveled  to  position,  the  com- 
pacted sand  in  the  first  layer  beneath  the  jjlanking  being  first  spaded 
to  a  depth  of  1^  ft.  before  the  secouel  layer  was  jjlaced. 

Intake  and  System  of  Bistribution. — The  direct  conduit,  by  which 
water  was  formerly  supplied  from  the  river  to  the  pumping  station,  is 
at  the  westerly  or  up-stream  end  of  the  filter,  and  the  flow  through  it 
was  controlled  by  a  gate  at  the  inner  end.  About  40  ft.  southerly  from 
the  engine-house,  the  top  of  this  conduit  was  pierced  and  two  cast-iron 
pipes  were  set  in  a  chimney  built  at  this  opening.  The  pipes  are  2  ft 
in  diameter,  and  each  has  a  gate,  the  center  of  which  is  2  ft.  below 
the  usual  low  water  in  the  river.  The  use  of  one  of  these  pipes  to 
supply  a  possible  future  extension  of  the  works  west  of,  or  up-stream 
from,  the  present  filter  has  been  suggested. 

The  other  pipe  discharges  into  the  main  carrier,  or  distributing 
channel,  which  extends  along  the  entire  southerly  edge  of  the  filter  to 
a  point  within  about  35  ft.  of  the  easterly  end.  The  edge  of  this 
channel  toward  the  filter  remains  level  throughout  its  length,  the  eleva- 
tion of  this  edge  corresponding  with  the  uniform  elevation  of  the  sand 
surface  of  the  southerly  edge  of  the  filter,  or  3  ft.  below  usual  low  water 
in  the  river.  At  the  upper  or  westerly  end,  this  carrier  has  a  semi- 
circular section  of  3  ft.  radius,  but  as  it  extends  easterly,  the  width  and 
depth  constantly  decrease,  so  that  at  the  lower  end  its  width  is  reduced 
to  2  ft.,  and  the  bottom  is  only  6  ins.  below  the  level  of  the  inner  edge. 

In  each  of  the  level  valleys  of  the  sand  surface  a  shallow  distribu- 
tion carrier  extends  from  the  main  channel  to  a  point  32  ft.  from  the 
opposite  or  northerly  side  of  the  filter.  At  the  main  channel,  each 
lateral  carrier  is  2  ft.  wide  and  3  ins.  deep,  decreasing  to  a  width  of  1  ft. 
and  a  depth  of  1  in.  at  the  northerly  end.  The  edges  of  these  dis- 
tributors are  level  and  at  the  same  elevation  as  the  inner  edge  of  the 
main  carrier. 
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The  inaiu  carrier  is  constructed  of  cobble  paving  stones,  from  4  to 
6  ins.  in  diameter,  laid  in  Portland  cement  mortar  on  a  gravel  bed 
8  ins.  thick.  The  lateral  carriers  are  made  of  cobble  stones,  4  ins.  in 
diameter,  laid  in  Portland  cement  mortar  directly  on  the  sand  surface. 
The  interior  surface  of  all  these  channels  was  made  smooth  by  a  coat 
of  mortar. 

Description  and  Eesults  of  Opekations. 

Methods  in  General. — From  the  time  when  the  filter  was  first  started 
it  has  been  customai-y  to  fill  from  above  over  the  surface.  The  water 
from  the  river  is  turned  on  gradually  at  the  gate-house  at  the  westerly 
end  of  the  filter,  allowed  to  pass  out  into  the  main  channel,  and  from 
this  along  the  lateral  carriers  to  the  difi'erent  portions  of  the  filter.  At 
first  the  water  settles  into  the  sand  nearest  the  carriers,  but  at  length 
rises  slowly  and  covers  the  entire  sand  surface.  When  a  depth  of  from 
1^  to  2  ft.  of  water  has  been  obtained  over  the  carriers  the  pumj)  at  the 
station  is  started.  The  more  slowly  the  whole  process  is  conducted  the 
smaller  will  be  the  amount  of  entrained  air  in  the  filter,  and  the  initial 
loss  of  head  correspondingly  less.  At  various  times  of  urgency  undue 
haste  in  refilling  has  actually  caused  loss  of  time,  inasmuch  as  the 
amount  of  air  retained  in  the  bed  has  resulted  in  creating  excessive 
losses  of  head  shortly  after  starting,  causing  a  reduced  rate  of  filtration 
below  that  which  might  have  been  obtained  with  more  deliberate 
action. 

Almost  without  excei^tion  the  water  in  the  river  has  been  high  enough 
to  flow  upon  the  filter  by  gravity  and  maintain  the  water  surface  at  a 
suitable  elevation;  but  upon  one  occasion,  in  January,  1900,  for  a  period 
of  about  10  days,  the  water  in  the  river  was  ajiproximately  at  Elevation 
36,  and  it  was  necessary  to  resort  to  pumping  to  supjjly  water  to  the 
filter.  Two  centrifugal  pumps  of  8-in.  and  6-in.  discharge  were  used. 
The  former  was  purchased  and  housed  permanently  for  regular  use  in 
di-aining  the  filter,  as  well  as  to  serve  as  a  safeguard  in  case  of  unusually 
low  water  in  the  future. 

In  operating  the  filter  it  has  been  customary  to  maintain  the  water 
surface  upon  the  beds  at  Elevation  36,  or  1  ft.  below  the  usual  elevation 
of  low  water  in  the  Merrimac  River.  This  is  equivalent  to  a  depth  of  2 
ft.  over  the  lateral  distributing  carriers,  and  of  1  ft.  over  the  crowns  of 
the  beds  when  at  grade.     During  the  coldest  weather,  when  it  has  not 
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been  iJossible  to  scrape  tlie  surface,  the  water  hasfrequently  been  raised 
to  Elevation  37,  and  at  less  freqnent  intervals  to  Elevation  37.50  in  order 
to  force  the  required  amount  through  the  filter. 

Whenever  the  filter  is  so  clogged  that  the  maximum  loss  of  head 
will  not  force  a  sufficient  quantity  through  it,  the  filter  is  shut  down 
and  drained  in  the  following  manner:  The  inlet  gate  is  closed, 
preventing  the  further  entrance  of  river  water  upon  the  filter,  and 
pumping  is  continued  at  a  constantly  decreasing  rate  until  the  water 
already  on  the  beds  passes  into  the  sand  and  below  the  surface  to  such 
a  depth  that  laborers  can  work  upon  it.  Since  January,  1900,  this 
operation  has  been  greatly  facilitated  by  the  use  of  the  8-in.  centrifu- 
gal pump  provided  with  a  double  suction  and  discharge,  so  arranged 
as  to  force  water  from  the  filter  to  the  river,  or  in  the  reverse  direc- 
tion. The  clogged  surface  over  those  beds  which  require  cleaning  is 
then  scraped  with  shovels.  The  scrapings  ai-e  carried  by  wheel- 
barrows to  the  driveway,  the  surface  is  raked  and  smoothed,  and  the 
filter  again  put  in  service.  Later,  the  dirty  sand  left  upon  the  drive- 
way is  removed  to  a  bank  near  the  washer,  from  which,  after  washing, 
it  is  dumped  over  a  paved  slojie,  the  foot  of  which  extends  to  the 
lower  driveway,  ready  for  replacing  iipon  the  filter  at  the  time  of 
sanding.  This  work  constitutes  the  general  routine  at  the  filter,  but 
it  is  constantly  interrupted  during  the  winter  season  by  the  ever- 
recurring  necessity  of  removing  snow  and  ice  from  the  filter  surface. 
The  ice  is  never  allowed  to  become  so  thick  that  it  will  touch  the  sand 
surface  during  high  water  upon  the  filter,  and  it  is  either  cut  and 
thrown  out,  or  large  fields  floated  away  from  such  beds  as  need 
scraping. 

For  purposes  of  reference  the  beds  of  the  filter  are  numbered  from 
1  to  25,  beginning  at  the  westerly  end. 

Quantitative  Results. — The  amount  of  water  pumped,  and  thus  the 
amount  filtered,  has  been  dei^endent  upon  the  demands  of  the 
city's  use,  as  shown  by  the  draft  upon  the  reservoir.  Whenever  the 
surface  of  the  filter  is  not  excessively  clogged,  the  yield  is  generally 
constant,  and  the  rate  about  5  000  000  galls,  per  day,  the  required 
quantity  being  obtained  by  running  the  pumps  the  necessary  number 
of  hours.  As  frequently  some  time  is  lost  between  stojiping  the  low 
and  starting  the  high-service  pumps,  and  vice  versa,  and  also  because 
the  filter  is  often  out  of  service  for  scraping  or  similar  requirements, 
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there  are  long  intervals  when  there  is  almost  constant  need  of  pumping 
continuously,  except  occasionally  ujion  Sundays. 

TABLE  No.  4. — Avekage  Daily  Quantity  of  Water  Pumped,  in 
IMiLLiONs  OF  Gallons,  and  Average  Hours  of  Pumping  per 
Day,  at  Lawrence,  Mass.,  for  each  Month,  1893-1900. 


>f  Is. 


January 

February. . . 

March 

April 

May 

June 

July 

August. 


October 

November 

December 


3.1  16.2 

3.1  16.8 
2.817.4 
2.8  15.6 

3.2  17.7 
3.2  17.3 

3.1  16.3 
3.0  15.6 

3.2  16.7 
2.8  15.4 
2.8  15.6 
8.015.7 


18.9 
23.7 
18.0 
21.2 
21.7 
17.8 
20.1 
18.  t 
3.3  18.7 
3.3:19.1 
3.1  19.8 
3.I122.3 


28.2 
19.6 
17.5 
26.7 
3|29.8 
2  21.5 

5j23!7 
7  23.6 
017.9 


3.016.4 


3.119.9 


.819.3 
.0,21.0 
.019.2 
.2  19.7 
.5  21.4 
.5  20.5 
.818.0 

.5:19.8 

.l!l8.8 
.019.2 
.0il9.5 


25.3 
33.9 
29.5 
23.1 
22.9 
20.8 
22.4 
19.9 
18.1 
18.0 


23.4 


Notes.— The  high-service  pump  was  put  into  service  in  December,  1896,  and  since 
that  date  the  quantities  include  the  water  used  in  both  low  and  high  service. 

The  average  hours  of  pumping  are  based  upon  the  total  for  each  month  divided  by 
the  total  number  of  days,  and,  after  1896.  include  the  time  for  both  the  high  and  low- 
service  engines. 

In  order  to  present  this  information  in  comprehensive  form,  there 
is  given  in  Table  No.  4  the  average  daily  consumption  by  months  (both 
high  and  low-service  being  included,  since  1896),  and  the  average 
number  of  hours  per  day  during  which  the- pumps  were  operated. 
The  hours  of  pumping  per  day  represent  the  totals  per  month  divided 
by  the  total  number  of  days,  and,  since  1896,  is  given  as  the  sum  of  the 
hours  of  operation  of  both  the  high  and  low-service  pumps.  With  the 
exception  of  portions  of  the  years  1898  and  1900,  when  a  small-capacity, 
low-duty  pump  was  used  for  some  of  the  time  upon  the  high  service, 
and  which  of  necessity  was  run  very  often  when  the  low-service  engine 
was  in  operation,  the  hours  given  represent  quite  closely  the  time 
during  which  it  was  necessary  to  operate  the  filter. 

The  relation  of  temperature  to  the  consumption  of  water  is  so  inti- 
mate that  it  has  been  deemed  advisable  to  present  in  Table  No.  5 
statistics  of  the  temperature  of  the  air  at  Lawrence  during  the  past 
eight  years.     These  records  were  obtained  from  the  reports  of  the 
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United  States  Weather  Bureau,  and  are  tlie  results  of  observations 
made  by  the  Essex  Company  at  a  station  located  on  the  north  side  of 
the  Merrimac  River  near  the  dam,  in  an  unexposed  but  not  particu- 
larly well-sheltered  place. 

TABLE  No.  5. — Avekage  Monthly  Temperatuke  of  Aik  at  Lawkence, 
Mass.,  also  the  Maximum  and  Minimum  for  each  Month, 
1893-1900. 


January.... 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October  — 
November.. 
December  . 


Average  . . 
Maximum , 
Minimum . . 


17  51 
24  52 
32J54 

44  70 
57 1 8' 
66i93 
7190 
69,90 
59 1 81 
54:77 


53 
23 

'4074 
47,77 
59  85 
69,93 
74  97 


52:74 
35 '60 
27,49 


1896. 


22  45—  3  2143 
19:46  —11  26  54 

32  49:  7  30  60 
45|76|  22  48  87 
6194  3063:96 
70951  4607:96 
70  92;     53  73 

9l|     46|7l!97 

94 


69!  3248j72 
73  1514371 
61        4 


1897. 


-14  35 
-15  27 

8,34 
38  48 
33  58 
46  63 
52 1 75 
47171 
37  62 
27  53 
16138 
-  4  31 


1898. 


-  3  25  51 

-  5  28  57 

0140 
]743|72 
345784 
44'6691 
52:7297 
5472:91 
38 1 65; 91 
26  53  82 
8i40|61 
0  27  54 


1900. 


-13  25  55  —  9  36'54' 
i  51—14  ;i7  59 

18ii 


90 1 


1946 
33:58 

45  69 
50:73 
50  69 
41 '61 
3l|53i77|  38 
18  39  63  31 
-14 


35145  80: 
3254  93 
49168  i 
50^73  i 


90;     49 


95 


Note.  —All  data  in  this  table  are  compiled  from  the  records  of  the  United  States  Weather 
Bureau. 

Quantities  Between  Sc7^apings. — The  importance  of  these  data  in 
regard  to  any  filter  is  generally  recognized,  but  in  this  particular 
case,  owing  to  the  exigencies  of  operation,  the  information  is  less 
definite  and  valuable  than  it  would  be  if  the  yield  from  single  beds 
was  measured.  In  the  case  at  hand,  while  at  the  time  of  scrajaing 
the  whole  surface  is  necessarily  drained,  different  beds  may  be  and 
usually  are  cleaned  each  time,  also  the  same  order  of  scraping  the  beds 
is  rarely  observed  twice  in  succession. 

It  has  been  possible  to  select  a  few  cases  where  the  w'hole  area  of 
25  beds  was  completely  scraped  in  1  or  2  days,  and  when  no  scraping 
occurred  on  intermediate  dates.  These  results,  representing  the  long- 
est periods  and  greatest  quantities  passing  through  the  2.36  acres 
of  filtering  surface  between  two  successive  complete  scrapings,  are 
given  in  Table  No.  6.  The  table  also  indicates  that  in  actual  practice 
the  filter  has  not  been  operated  during  recent  years  more  than  a 
month  without  cleaning,  and,  generally,  the  period  has  been  less. 
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TABLE  No.  G. — Longest  Peeiods  Between  Complete  Scrapings  of 
THE  La"wkence  Filter  for  the  Years  1893-1900. 


Number. 

Last   day   of   a  com- 
plete scraping. 

First  day  of  next  com- 
plete scraping. 

1 

Length    of 

period,  in 

days. 

Total  quantity  be- 
tween        scrap- 
ings, in  millions 
of  gallons. 

1 

March   26th,  1898 

April      28th,   "     

May       28th.   "     

June      24th,   "     

July       15th,   "     

August  nth,   "     

31st,   "     

AprU        6th,  1899 

June      14th,   "    

July         rth,  "    

April     18th,  1901 

April         27th,  1898.... 
May           2rth,   •'     .... 
June           23d,   "     .... 
July          14th,   "     .... 
August       9th,   "     .... 

30th,   ''    .... 
September 22d,  "    .... 
April         26th.  1899.... 
July            6th,   "     .... 

20th,   "     .... 
May          30th,  1901.... 

32 
29 
26 
20 
25 
19 
22 
20 

13 
41 

109 

2 

90 

3 

80 

4 

74 

5 

85 

6 

67 

7 

85 

8 

71 

8 

78 

10 

49 

11 

121 

Record  of  Sa-apings. — There  is  a  lack  of  definite  data  in  regard  to 
the  exact  dates  of  scraping  prior  to  the  spring  of  1895,  and  of  the 
dates  and  amount  of  sanding  prior  to  1897.  Information  has  been 
culled  from  various  sources,  such  as  the  regular  scraping  record 
books,  time  books,  pumping  station  records,  diaries,  miscellaneous 
note  books,  etc. ,  and  it  is  believed  that  the  following  statements  and 
tables  contain  as  exact  information  as  will  likely  ever  be  obtained. 

It  appears  that,  after  starting  the  filter  upon  September  20th,  1893, 
the  whole  surface  was  scraped  twice  before  December  1st.  Appar- 
ently, the  filter  was  not  cleaned  again  until  the  next  spring.  The  work 
began  about  the  middle  of  March  and  was  completed  about  the  middle 
of  April.  The  surface  was  again  scraped  during  the  latter  j)art  of 
the  month  of  July.  The  best  evidence  goes  to  show  that  the  entire 
filter  was  again  cleaned  between  the  latter  part  of  August  and  the 
early  j)art  of  October.  The  whole  surface  was  again  gone  over 
during  the  last  half  of  the  month  of  November.  To  summarize,  it 
will  be  seen  that  the  filter  was  sci'aped  four  times  dui'ing  the  year 
1894,  although  it  is  possible  that  a  few  of  the  beds  at  the  up- 
stream end  were  scraped  at  another  time,  of  which  there  is  no 
memorandum. 

The  record  for  the  first  three  months  of  1895  is  somewhat  indefi- 
nite, but  it  is  believed  that  there  is  sufiicient  information  to  warrant 
including  the  record  for  the  year  in  the  tables.  The  data  for  each  of 
the  years  1895  to  1900  are  given  in  Tables  Nos.  7  and  8,  in  the  form  of 
total  number  of  times  of  scraping  for  each  bed  and  totals  for  each 
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month.  Occasionally,  beds  have  been  cleaned  in  portions,  or  at  flat  ends 
only,  biat  each  such  scraj)ing  is  given  the  proper  fractional  weight  in 
making  up  the  totals,  the  latter  being  recorded  in  each  case,  however, 
to  the  nearest  iinit. 


TABLE    No.    7.— Recokd   of   Scrapings  of   the  Lawrence  Filter, 
Arranged  by  Beds  for  each  Year,  1895-1900. 


Beds. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

15 
16 
16 
16 
16 
16 
17 

16 
16 
13 
14 
14 
13 
13 
13 
13 
13 
13 
13 
11 
11 
11 
I'J 
10 

16 
17 

16 
16 
15 
16 
14 
14 
14 
13 
13 

11 
10 
11 
10 
10 

11 

10 
0 

8 

7 
7 

17 
17 
18 
19 
19 
18 
IS 
16 
16 
16 
17 
18 
18 
18 

11 
16 
16 

16 
14 
15 
14 
15 
15 

14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
14 
12 
13 
13 
12 
11 
13 
13 
12 
10 
10 
12 

17 

17 
16 
16 
16 
16 
16 
15 

16 
18 
18 
19 
19 
19 
19 
17 
16 
16 
17 
17 
16 
16 
15 

16 

2 

16 

3 

16 

4 

16 

5                    .     . 

16 

6 

15 

16 

8 

16 

9 

16 

10 

16 

17 

12 

18 

18 

16 

14 

15 

16 

15 

17 

15 

18 

15 

35::;:;;;::::::::: 

16 

31 

22 

16 

33 

24 

15 

35 

15 

Totals 

Averages 

344 
14 

304 
12 

416 
17 

331 
13 

421 

17 

.395 
16 

TABLE   No.    8. — Record   of  Scrapings   of   the  Lawrence    Filter, 
Arranged  by  Months  for  the  Years  1895-1900. 


Months. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

20 
20 
20 
27 
30 
25 
29 
31 
25 

53 

25 

9 

43 
31 
31 

18 

i 

20 
16 
46 
14 

20 
34 
46 
50 
25 

27 
32 
53 

17 

34 
25 
25 
25 
25 
47 

40 
25 

18 

25 

12 
6 
49 
26 
31) 
50 
46 
31 
43 
53 
50 

25 

February 

March  . 

25 
25 

April 

a3 

May    

47 

27 

July 

40 

August 

a5 

September 

is 

36 

November 

December 

39 
25 

Totals 

Averages 

344 

29 

304 
25 

416 
35 

331 

28 

421 
35 

395 
33 
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Record  of  Sandings. — The  first  sandiug  of  the  filter  was  done  after 
some  of  the  scrajsings  in  1894,  and,  as  the  washing  machine  for  cleansing 
dirty  sand  was  not  installed  until  the  summer  of  1895,  it  is  probable 
that  unused  sand,  obtained  during  construction,  and  an  additional 
amount  hauled  from  Gale's  Hill,  was  used  during  these  years.  That 
replaced  in  1896  and  thereafter  was,  for  the  most  part,  washed  sand, 
which  had  been  removed  from  the  filter  surface,  and  the  sanding  was 
done  in  bulk. 

In  1897  the  first  record  of  the  dates  of  sanding  appears,  together 
with  the  depths  replaced  at  the  crowns  of  the  beds,  the  sides  being- 
filled  slightly  to  bring  them  to  the  level  of  the  lateral  carriers.  The 
depths  of  sandings  of  each  bed  at  the  crown  for  the  years  1897,  1899  and 
1900  are  given  in  Table  No.  9. 

TABLE  No.  9. — Depth  of  Sand  in  Inches  Replaced  at  the  Ceown 
OF  each  Bed  of  the  Lawrence  Filter  for  the  Yeae.s  1897, 
1899  AND  1900. 


Beds. 

1897. 

1899. 

1900. 

J 

13.6 
13.6 
13.0 
16.0 
15.4 
15.4 
15.2 
12.5 
15.1 
10.5 
10.0 
11.1 
10.7 
10.9 
9.9 
10.2 
9.2 
11.3 
9.5 
9.3 
8.7 
8.4 
9.5 
8.2 
9.5 

11.9 
14.0 
12.9 
25.8 
!i2.5 
31.5 
2t.8 
24.2 
24.0 
25.2 
30.8 
18.0 
15.0 
15.5 
11.5 
12.0 

9.1 
12.0 

9.2 
15.4 

9.5 

9.8 
16.0 
15.9 
14.0 

9  8 

2 

10  6 

3           

12  0 

4 

12  7 

5 

12.0 
12  'i 

11.0 

10 

11  9 

11 

12 

13 

13  5 

14 

13.5 

15 

18  3 

16 

18  5 

17 

16.5 

18 

15  3 

19 

15  0 

30 

23.2 

21 

15  0 

22 

18  3 

23 

25.0 

24 

24.0 

25 

Averages . 

11.5 

16.3 

14  8 

In  1898  extensive  experiments  were  made  during  the  summer  months, 
and  the  latter  portion  of  the  year  was  occupied  in  the  repair  work  on 
the  underdrains  in  certain  beds,  so  that  very  little  sanding  was  done. 
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Beds  Nos.  1,  2,  .3  and  12  were  filled  to  a  depth  of  about  13  ins.,  and  the 
beds  repaired  (Nos.  13  to  22,  excepting  No.  20)  were  brought  to  origi- 
nal grade. 

From  the  summaries  in  the  tables  it  will  be  seen  that,  on  an  average, 
each  bed  has  been  scraped  about  15  times  per  year,  and  because  the 
average  of  depths  of  sand  replaced  at  the  crowns  is  equivalent  to  about 
three-fourths  of  this  amount  over  the  entire  filter  area,  the  average  depth 
removed  at  each  scraj^ing  has  been  practically  |  in.  The  average  depth 
replaced  at  the  crowns,  in  1899  and  1900,  was  15i  ins. ,  equivalent  to  a 
depth  of  114  ins.  over  the  whole  surface,  or  a  total  of  about  3  500  cu.  yds. ; 
which  figure  agrees  a^jproximately  with  rough  measurements  of  the 
amount  of  material  removed  and  replaced  each  year. 

Loss  of  Head. — The  loss  of  head  is  the  diflference  between  the  level 
of  the  water  on  the  filter  surface  and  that  of  the  surface  of  the  water 
in  the  pump-well,  the  latter  elevation  being  indicated  by  a  counter- 
weight sliding  on  a  graduated  rod  in  the  engine-room  above  and  showing 
the  position  of  the  float  below,  referred  to  the  datum  of  levels. 
Formerly,  the  elevation  of  the  water  on  the  filter  was  read  directly  upon 
a  gauge  board,  but  within  recent  years  it  also  has  been  indicated  by  the 
position  of  a  counterweight  moved  by  a  float  and  sliding  along  a  scale 
board  in  the  gate-house. 

The  bottom  of  the  pump-well  is  at  Elevation  26,  and 'the  bottoms  of 
the  outlets  of  the  underdrains  in  the  filter  are  at  Elevation  29;  thus  it 
is  evident  that  the  difference  of  the  two  levels  mentioned  above  indi- 
cates an  incorrect  loss  of  head  whenever  the  water  in  the  jiump-well  is 
drained  below  Elevation  29.  Prior  to  September,  1898,  the  losses  of 
head  were  frequently  recorded  greater  than  could  have  been  possible. 
It  is  probable  that,  because  of  this  drawing  down,  air  was  admitted 
backward  into  the  underdrains,  and  a  greater  resistance  was  occa- 
sioned than  would  have  occurred  if  the  water  in  the  j)iimi3-well  had 
been  kept  above  Elevation  29.  However,  in  compiling  the  data  in 
Table  No.  10,  the  maximum  i^ossible  loss  of  head  was  assumed  to  have 
been  that  which  woiild  have  obtained  with  the  water  at  Elevation  29  as 
it  passed  out  of  the  underdrains. 

Table  No.  10  contains  a  statement  of  the  average  losses  of  head  by 
months,  for  the  seven  complete  years  of  operation;  together  with  the 
average  speed  of  the  pumj^s  and  the  average  temperature  of  the  river 
water  as  applied  to  the  filter. 
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TABLE  No.  10.— Average  Loss  of  Head  in  Feet  in  the  Lawrence 
FiiiTER,  BY  Months,  for  the  Years  1894-1900;  also  Average 
Revolutions  of  the  Low-Service  Pump  per  Minute  and  the 
Average  Temperature  of  the  River  Water  in  Degrees  Fahren- 
heit. 


1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

Months. 

Oi 

rii 

p 

P. 

P. 

ft 

ft 

1 

>• 

5 

1 

S 

3 

1 

s 

1 

1 

J 

1 

s 

J 

1 

1 

1 

1 

1 





_ 





_ 



_ 





_ 

— 

- 

— 



— 

— 



— 

January... 

.S  1 

Ifi 

33 

6  2 

15 

32 

5  8 

15 

34 

7  2 

15 

32|8,0 

13 

iiti 

15 

33'6.0 

13 

33 

February . 

6  0 

14 

32 

6  9 

15 

32 

5,9 

16 

34 

7  5 

13 

32  8.0 

10 

15 

336.2 

18 

a  4 

15 

H8  7  6 

13 

32 

7  2 

14 

35 

7  6 

13 

33,7.7 

12 

88  5.5 

12 

:«  6.0 

14 

34 

r';:::- 

4  8 

15 

4817  1 

13 

43 

5  8 

15 

46 

6  9 

14 

455.8 

15 

45:5.0 

14 

415.7 

14 

44 

5,0 

16 

.585.5 

15 

61 

5  6 

15 

63 

4  9 

16 

606.1 

15 

57;4.8 

14 

59:5.3 

14 

June 

4  6 

15 

69  5  (1 

16 

73 

5  2 

15 

69 

5  0 

16 

654.5 

15 

70  8.6 

15 

73  8.8 

15 

July 

,S  3 

16 

78 14  4 

16 

74  3  6 

16 

77 

5  0 

16 

74I4.7 

16 

77  3.6 

15 

77,3.9 

15 

V8 

August . . . 

3  6 

16 

75 

44 

16 

74'3  2 

16 

77 

5,2 

15 

73  5.5 

14 

76  3.7 

16 

V5  8.7 

Ih 

September 

4  1 

16 

7« 

3  4 

16 

[i8  3  8 

16 

68 

5  0 

16 

68;4.6 

15 

70  3.6 

16 

68  8.7 

15 

V2 

October... 

4  ^ 

16 

.56 

5  5 

15 

.^0 

5  4 

15 

52 

5  5 

16 

.574,9 

18 

,58,4.0 

15 

57  4.0 

15 

61 

November 

c,H 

16 

40 

5,8 

15 

42 

6,3 

15 

42 

6,9 

14 

42  5.7 

14 

42 

4.6 

14 

42|4.4 

15 

46 

December. 

5.9 

16 

5.3 

16 

85 

6.1 

15 

83 

7.3 

13 

34 

4.7 

15 

33 

5.1 

14 

36 

5.1 

15 

34 

Yearly 

average.. 

4.7 

15.6 

.52 

5.6 

15.1 

51 

5.3 

15.3 

52 

6.2 

14.8 

51 

5.9 

13.9 

53 

4.3 

14.6 

52 

4.8 

14.4 

53 

Ave  rage, 

Dec-Mar. 

4.H 

34 

6.6 

iSi 

6.0 

35 

7.1 

33 

7,7 

34 

4.8 

33 

5.8 



84 

Average. 

Jun.-Sep. 

8.9 

.... 

74 

4.8 

8^ 

.... 

72 
80 

3^ 
8.0 

-— 

73 

84 

5.0 

8^5 

-— 

70|4.8 
82  8^5 

-— 

73 

82 

3.6 

6.8 

-— 

73  3^ 
806.7 

-— 

75 

Maximum 

r.7 

82 

Minimum. 

1.8 

32 

2.6 



32 

2.7 

32  3.2 

322.4 

32  2.5 

32'3.1 

.... 

32 

Note.— Prior  to  May,  1897,  the  records  do  not  show  the  elevation  of  water  in  pump- 
well  when  pumping.  For  those  days  during  this  time,  when  the  loss  of  head  is  greater 
than  7.0  ft.,  and  for  those  days  afterwards  when  the  water  in  the  pump-well  is  below 
Elevation  29.00,  the  maximum  is  assumed  to  be  the  difference  between  the  elevation  of 
the  water  on  the  filter  surface  and  Elevation  29.00. 


The  table  exhibits  clearly  the  greater  loss  of  head  under  Avhicli 
the  filter  has  been  operated  during  cold  weather,  and  the  fact  that, 
even  with  the  maximum  possible  head,  the  rate  of  pumping  was 
necessarily  reduced,  especially  during  the  winter  of  1897-98..  The 
relative  improvement  in  these  factors  during  1899-1900  is  also  notice- 
able. 

Effect  of  Scrapinq  upon  Quantitative  Efficienci/. — It  is  customary  to 
scrape  a  filter  when  the  amount  of  water  which  comes  through  with  the 
maximum  loss  of  head  has  diminished  below  that  required,  and  it  is 
expected  that  with  a  clean  surface  the  normal  quantity  will  be  obtained 
with  a  smaller  head  than  before,  but  at  Lawrence  this  result  has  not 
always  been  attained.  Occasionally,  it  has  seemed  that  air  has  been 
caught  in  the  body  of  the  filter  when  refilling,  and  its  presence  has 
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TABLE   No.   11. — Effect    of    Scraping  Five  or  More  Beds  of  the 
Lawrence  Filter,  as  shown  by  the  Change  in  the  Loss  of  Head. 


Beds  Scraped. 

Average  Loss  op  Head 
For  Four  Days.* 

i1 

5.2 -d 

Date  of  scraping. 

Number. 

Designation. 

Before 
scraping. 

After 
scraping. 
(Adjusted.) 

f 

(1) 

1895. 
June  19 

(3) 

10 
15 
15 
17 

35 
15 
14 

8 
19 
16        • 

9 

5 

11 

6 

8 
31 
17 
14 
11 
12 
10 
15 

16 
6 
25 

9 

25 

25 
25 
25 
25 
22 
13 
12 
30 
25 

I 
25 
25 
11 
25 
35 
13 

6 
35 

10 

6 

9 

5 
31 

8 

(3) 

1-10 
11-35 
11-25 

9-25 

1-25 
5-12,  17-23 

1-14 

1-8 

1-10,  16-24 

10-25 

1-8 

6-10 

15-25 

1-6 

7-14 

5-25 

1-17 
1-8,  20-25 

9-19 

5-16 

1-10 
11-25 

1-7 
10-25 
10-15 

1-25 

1-9 
1-22.  25 
1-25 
1-25 
1-25 
1-25 
1-25 
1-22 
1-13 
14-25 
(1-18),  (19-25)i 
1-25 

15-17,  22-25 
15-22 
1-25 
1-25 
15-25 
1-25 
1-25 
6-18 
1-3,  6,  19,  20 
1-25 

1-10 
11-16 
17-25 

1-5 
1-31 

1-8 

(4) 

6.8 
4.0 
4.4 
3.3 

5  3 

(5) 

4.4 
4.4 
4.2 
3.0 

,6) 
35 

June  26-27 

July  16-18 

5 

Septembei"  10-12 

9 

1896. 
April  8-10 

May  27-29 

6  4        '          4  fi 

28 

June  6-8 

4.9 
3.6 
6.5 
6.2 
6.1 
6.0 

4.9 
4.9 
3.8 
6.5 
5.1 
5.8 
5.1 
4.9 
5.8 
5.4 
4.1 
7.0 
7.0 
7.0 

8.0 
7.9 
6.3 
7.0 
4.6 
5.3 
7.0 
6.8 
5.0 
5.0 
4.9 
6.1 

4.4 
4.9 
6.0 
4.9 
4.7 
4.8 
5.1 
3.7 
3.6 
4.9 

5.8 
6.0 
6.5 
6.7 
6.2 
5.8 

3.3 

2.8 
5.5 
6.2 
6.3 
6.8 

5.2 
4.7 
5.3 
4.6 
3.8 
5.4 
6.1 
4.5 
6.1 
4.8 
6.6 
6.8 
6.7 
7.2 

8.5 
7.0 
8.3 
7.6 
4.4 
6.0 
2.4 
3.3 
3.2 
4.2 
4.3 
3.6 

6.9 
3.8 
1.8 
3.5 
3.7 
1.9 
2.0 
3.1 
4.1 
5.6 

1.8 
4.5 
5.5 
4.8 
6.9 
5.7 

33 

August  14 

22 

November  10-13 

15 

December  10 

December  31 

1897. 
May  5-6 

May  19 

4 

May  38 

June  22-25 

29 

July  12-14 

35 

August  17-19 

7 

August  25-27 

September  15-16 

8 

October  5-7 

October  13-14 

11 

October  26-28 

November  10-11. 

3 

December  1-2        

4 

December  11-14 

1898. 
February  26. 

March  25-26 

11 

April  37-38 

May  27-28 

June  23-24 

4 

July  14-15 

August  9-11        

66 

August30-31 

September  22 

53 
36 

September  27 

16 

October  10-1 1 

12 

November  15-18 

41 

1899. 

February  31-24. . . 

22 

April  5-6 

70 

April  26-28 

39 

May  23-25 

21 

June  13-14 

60 

July  6-7 

61 

September  14 

16 

September  88 

1900. 

69 

25 

January  20. 

15 

February  1 

28 

April  12-13. 

April  25 

2 

*In  a  few  cases,  where  three  days,  only,  elapsed  between  successive  scrapings,  the 
data  for  three  days  before  and  after  scraping  have  been  included  in  the  table. 
t  A  dash  designates  a  loss  rather  than  a  gain. 
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(1) 

May  1 

(2) 

8 
13 
14 
12 
12 
12 
12 

9 
12 

8 
14 
13 
12 

9 

5 

5 
11 

5 
20 
22 

(3) 

9-16 

10-22 

1-12,  22,  23 

13-21,  23-25 

1-12 

13-20.  22-25 

1-12 

\  12-14,  19-20,  I 

/         22-25        (' 

1-12 
\  12,  13, 17-20.  1 
)        22,23        \- 
)  1-9,    11,   16,  1 
",    21,24,25      \ 
10-20,  22-23 
1-9,  21,  24,  25 

14-22 
7,  11-13,  23 

1-5 

14-22,  24,  25 

3-4.  22-25 

1,  2,  5-21,  23 

1-21,  25 

(4) 

5.5 

5.8 
4.6 
4.0 
4.0 
5.0 
3.8 
4.1 
3.7 
3.8 

3.9 

4.0 
3.6 
3.4 
4.0 
4.3 
4.9 
4.2 
4.9 
5.2 

(5) 

5.0 
3.5 
3.7 
3.3 
4.4 
4.0 
2.6 
4.2 
3.5 
4.1 
3.6 
3.2 
3.4 
4.3 
3.4 
4.0 
4.2 
0.5 
3.8 
6.0 

(6) 
9 

May25.. 

40 

June  7-9 

20 

June  27 

18 

July  6..             

* 

July  16 

20 

Jul'y  27 

32 

August  7 

August  16-17 

5 

8 

September  14 

20 

September  25-26 

October  11,  12 

15 

October  23-25 

14 

November  13 

17 

November  20-21 

22 

December  7-8 

*  A  dash  designates  a  loss  rather  than  a  gain. 

caused  an  increased  loss  of  head  until  it  has  escaj^ed.  Winter  dis- 
turbances have  at  times  produced  such  effects  that  scraping  of  the 
surface  has  not  increased  the  quantity  filtered;  moreover,  the  yield  of 
certain  beds,  which  have  recently  been  repaired,  was  not  increased 
appreciably  by  scraping,  prior  to  reconstruction. 

Table  No.  11  has  been  prejiared  from  the  filter  records,  in  order  to 
show  the  actual  conditions  of  yield,  expressed  as  average  losses  of  head, 
during  periods  of  4  days  directly  before  and  after  scraping.  These 
data  have  been  tabulated  only  for  such  times  as  when  at  least  5  beds 
were  scraped  and  there  was  no  interference  in  the  conditions,  due  to 
cleaning,  during  the  4  days  before  and  after.  The  number  and  desig- 
nation of  the  beds  scraped  is  entered  with  the  dates.  The  actual 
average  loss  of  head  is  given  for  the  4  days  jsrior  to  cleaning,  and  that 
for  the  same  period  afterward  has  been  obtained  by  adjusting  the 
actual  average  to  the  rate  of  filtration  and  temperature  of  the  water 
before  scraping.  For  the  years  1895  and  1896,  the  losses  are  not  adjusted 
for  rates,  on  account  of  insuflficient  data,  but  it  has  been  assumed  that 
these  are  the  same  before  and  after  scraping,  which  supposition  the 
results  of  other  years  have  shown  to  be  not  seriously  in  error. 

It  will  be  noticed  that  the  improvement  in  cold  weather  is  less  than 
at  other  seasons,  and,  at  times,  it  appears  that  the  loss  of  head  was  even 
greater  after  scraping  than  before.     This  condition  was  probably  pro- 
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duced  by  entrained  air  caught  in  the  filter  when  refilling,  the  effect  of 
which  is  more  evident  with  the  low-temperature  conditions  of  winter. 
Also,  certain  of  the  summer  records  occasionally  show  losses  which 
cannot  be  accounted  for  in  any  other  way  than  by  the  presence  of  air 
in  the  filter.  It  is  known  that  the  desire  to  return  the  filter  to  service 
quickly  has  often  caused  too  rapid  filling  and  subsequent  starting  of 
the  pumps.  During  1898  Mr.  Walter  E.  Spear  studied  the  effects  of 
rapid  refilling,  and  pointed  out  clearly,  as  sho-svTi  in  a  diagram  pub- 
lished in  the  report  of  the  Lawrence  Water  Board  for  that  year,  that 
hastened  refilling  oftentimes  lessened  the  yield  of  the  filter  for  a  few 
days. 

The  difliculty  caused  by  entrained  air  can  be  remedied  by  back- 
filling from  below,  filtered  water  entering  through  the  underdrains  and 
I^assing  upward  through  the  sand  to  a  j^roper  elevation  before  turning 
on  the  supply  of  raw  water;  by  which  method  the  air  will  be  forced  out 
of  the  bed.  Care  must  be  observed,  however,  not  to  backfill  so  rapidly 
as  to  disturb  the  sand  about  the  underdrains,  but  this  danger  can  be 
wholly  avoided  by  providing  a  back-filling  pipe  capable  of  being  so 
regulated  that  not  more  than  the  maximum  permissible  rate  of  refilling 
can  take  place  under  the  existing  pressm-e  conditions. 

It  is  also  noticeable  that,  since  the  early  operation  of  the  filter,  the 
greatest  benefit  from  cleaning  the  surface  was  secured  during  the  last 
two  years;  this  undoubtedly  was  due  to  the  more  thorough  and  careful 
management  under  which  the  filter  has  recently  been  operated. 

Intermittence  of  Operation. — It  was  intended,  when  the  filter  was 
built,  that  it  should  be  operated  intermittently,  or,  in  other  words, 
that  there  should  be  a  daily  period  of  rest,  during  which  the  water  in 
the  bed  would  be  drawn  out  and  the  sand  filled  with  air  to  the  bottom. 
This  condition  was  regarded  as  necessary  to  insure  the  "  burning  up  " 
of  the  organic  matter  retained  in  the  filter. 

It  was  endeavored  to  give  the  filter  this  daily  rest  during  its  early 
history,  but  various  circumstances,  such  as  the  demands  of  consump- 
tion and  the  securing  of  equally  favorable  results  with  continuous 
operation,  has  led,  especially  in  recent  years,  to  jDractically  continuoiis 
filtration,  except  during  times  of  scraping.  From  Table  No.  4  the 
average  number  of  hours  jjer  day  during  which  the  i^umps  were  not 
operated  may  be  determined;  and,  realizing  that  at  least  3  hours  should 
elapse  between  turning  on  the  water  and  starting  the  pumi)s,  it  will  be 
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seen  that  during  recent  years  there  has  been  but  little  opportunity  to  fill 
the  sand  with  air.     The  record  of  drainings  is  given  in  Table  No.  12. 

TABLE  No.  12. — Number  of  Times  when  the  Laweence  Filter  was 
Drained,  from  1894  to  19U0,  iNciiUSiVE. 


Months. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

January  

17 
15 
30 
23 
26 
26 
IB 

22 
24 

17 

16 
8 
10 
13 
19 
15 
23 
20 
15 
19 
15 
10 

6 
9 
9 
13 
12 
14 
17 
19 
22 
16 
13 
4 

7 
11 
12 
10 

9 
14 
13 
15 
12 
13 
13 

8 

6 
4 
5 
9 

13 
8 

10 
9 
5 
4 
5 

13 

14 
8 
7 
5 
12 
11 
10 
14 
12 
14 
12 
12 

4 

February    

6 

M£^ch. ?.::... :::::: 

6 

April 

9 

May..:.;::....: ...: 

8 

June 

6 

July 

9 

13 

September 

8 

October 

13 

6 

December 

3 

Total 

265 
22 

183 
15 

154 
13 

136 
11 

91 

8 

131 
11 

90 

Average  per  month. 

8 

Cost  or  Additional  Constetjction,  and  Expense  of  Maentenance. 
Additioxal  Co)istrucfioji  Items.  — Since  placing  the  filter  in  service, 
September  20th,  1893,  there  have  been  additional  accounts  which 
might  properly  be  charged  to  construction.  These  expenditures  in- 
clude the  purchase  of  machines  to  aid  in  the  work  of  maintenance, 
the  building  of  a  new  driveway  by  which  the  cost  of  conveying  has 
been  reduced,  and  the  paving  of  the  sloping  bank,  thus  enlarging 
and  improving  the  storage  place  for  washed  sand.  The  original  cost 
of  the  filter,  as  given  in  the  Report  of  the  Water  Board  for  the  year 

1893.  was  865  -459. 67.     The  additional  items,  expressed   in   rounded 
figures,  are  given  in  Table  No.  13. 

TABLE  No.  13. — Additional  Construction. 

1894.  Labor  and  material,  as  per  Report  of  Water  Board ....     .^4  070 

1895.  Cost  of  washer,  including  concrete  work 540 

Labor  account  given  in  Annual  Report,  minus  that  which 

is  properly  chargeable  to  maintenance 2  700 

1896.  Cost  of  ice  elevator  and  conveyer 2  730 

1899.  New  driveway  and  paving  of  storage  slope 3  600 

1900.  "  "  "  "  "     1  240 

$14  880 
These  additional  items,  together  with  the  original  cost,  make  the 
total  expenditure  for  construction  about  S80  000. 


288        KNOWLES  AND  HYDE  ON  LAWRENCE,   MASS.,   FILTER. 

Cost  of  Maintenance. — One  of  the  most  interesting  elements  of  a 
study  of  tlie  Lawrence  filter  has  been  the  annual  cost  of  the  several 
operations.  Various  figures  appearing  in  early  reports  of  the  Water 
Board  have  been  misleading,  because  they  have  included  ex^jenses  of 
grading,  care  of  grounds,  etc.,  which,  in  accordance  with  the  usual 
custom  of  charging  such  special  and  unclassified  items  to  some  main 
account,  burdened  the  filter  charges.  This  circumstance  originated 
from  the  desire  to  have  constantly  at  hand  (for  exjjeditious  cleaning 
of  the  filter,  etc.)  an  ample  laboring  force,  which  was  employed  upon 
odd  jobs  whenever  there  was  not  suflflcient  routine  work. 

The  writers  believe  that  the  data  of  expense  presented  in  the  fol- 
lowing tables  are  as  nearly  correct  as  can  be  obtained  at  this  date, 
because  of  the  length  of  time  which  has  elapsed  since  the  first  record. 
In  order  to  render  the  figures  as  reliable  as  possible,  a  study  and 
a  transcript  of  all  important  records  were  made,  together  with  a  com- 
parison of  the  timekeeper's  weekly  report,  with  the  daily  timebooks,  and 
finally  both  of  these  were  comjiared  with  the  filter  record  books,  showing 
the  extent  and  nature  of  the  work  of  maintenance  for  each  day.  Not- 
withstanding the  degree  of  care  exercised  in  the  following  compila- 
tions, the  insufficiency  of  some  of  the  data  has  made  it  seem  advisable 
to  round  up  all  figures  of  cost,  a  process  which  it  is  believed  will  also 
simplify  comparison. 

TABLE  No.  14. — Itemized  Statement  of  Cost  of  Maintenance  of  the 
Laweence  Filteb,  fok  the  Years  1895-1900. 


Items. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

Scraping                            .   . . 

j    $2  550 

1  000 

3  780 

450 

(  $1  350 
1     1  460 

1  180 

2  120 
2  350 

490 

$1  950 

840 

2  200 

1  950 

2  330 
850 

$1  930 

300 

1  660 

1  600 

3  480 

710 

1  470 

1  450 

2  300 
500 

$2  130 

Scraping  and  sanding 

1  250 
1  410 

1  510 

Removal  of  snow  and  ice. . . 
General .          

720 

Total 

$8  100 
7.80 
5  320 
5.10 

$8  950 
8.10 
6  600 
6.00 

$10  120 
9.00 
7  790 
6.90 

$9  680 
8.00 
6  200 
5.10 

4  830 

$9  050 
7.70 
6  750 
5.80 

$9  350 

7.70 

Total,  minus  snow  and  ice.. 

7  020 
5.80 

2  260 

Total  pimipage  for  year  in 

1  040 

1  100 

1  130 

1  210 

1  170 

1  210 

Note.— The  writers  were  unable  to  classify  the  cost  of  maintenance  during  the 
period  of  operation  of  the  filter  in  1863  and  during  1894.  The  total  expenditures  for  this 
purpose  during  1893  (3^  months)  amounted  to  $1  210,  and  in  1894  to  $4  610. 


PLATE   IX. 

TRANS.   AM.   SOC.   CIV.   ENQRS. 

VOL.    XLVI,    No.   906. 
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P'iG.  1.— Method  of  Washing  Gravel. 


Fig.  3.— Wheeli.ng  Out  Sand,  ab-ter  Scraping,  Lawrence  City  P'ilter. 
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Class ification  of  Accounts. — In  explanation  of  the  items  in  Table  No. 
14,  the  following  statements  are  made  to  show  the  nature  and  extent  of 
the  work  done  under  each  classification. 

1. — Scraping,  includes  the  removal  of  the  surface  layer  of  dirty  sand 
by  means  of  shovels  and  throwing  into  small  piles,  about  10  to  12  ft. 
apart,  upon  the  surface  of  the  bed;  together  with  wheeling  the  sand 
from  these  heajjs  to  a  temporary  dump  along  the  lower  driveway  on 
the  north  side  of  the  filter.  This  process  also  includes  raking  and 
smoothing  the  beds  after  cleaning. 

2. — Sanding,  includes  removing  the  clean  sand  from  the  storage 
bank  along  the  driveway  to  the  surface  of  the  bed  being  sanded,  dis- 
tributing it  in  layers,  and  smoothing  the  surface.  The  cost  of  sanding 
includes  the  expense  of  the  scraping  necessary  to  prejjare  the  surface 
of  the  filter  beds  for  this  operation. 

3. — Conveying,  includes  the  loading  of  the  dirty  sand  audits  trans- 
portation in  carts  from  the  temporary  dump  on  the  lower  driveway 
to  a  permanent  dump  close  to  the  washer.  During  the  early  years, 
before  the  bank  of  clean  sand  was  placed  as  advantageously  as  at 
present  along  the  jjaved  slope  to  the  driveway,  this  item  also  included 
the  loading  and  transportation  from  the  dump  of  clean  sand  to  tem- 
porary piles  along  the  lower  driveway,  close  to  the  beds  on  which  it 
was  to  be  used  for  sanding. 

4.  —Washing,  includes  the  screening  of  the  dirty  saud  at  the  first 
or  traveling  hopper  of  the  washer  and  the  transportation  from  the 
draining  boxes  to  the  permanent  storage  bank,  together  with  such 
attention  and  repairs  as  the  washer  itself  requires. 

5. — Removal  of  snow  and  ice,  includes,  for  snow,  the  loading  and 
transportation  from  the  frozen  filter  surface  in  carts  or  sleds  to  the 
river  bank.  For  ice,  the  item  includes  cutting  and  moving  cakes  to 
the  ice-conveyer,  feeding  the  same  and  taking  care  of  the  delivery 
over  the  river  bank,  together  with  the  cost  of  coal  and  such  attention 
as  the  machinery  demands.  This  last  account  also  includes,  during 
the  early  history  of  the  filter,  and,  to  a  much  less  extent,  at  the 
present  time,  the  loading  and  transportation  of  ice  in  carts  or  sleds 
from  the  filter  surface. 

6. — Genera],  includes  miscellaneous  items  not  appearing  in  the 
foregoing  classification,  such  as  care  of  filter  banks  and  lawn  directly 
adjacent,  repairing  and  cleaning  main  distribution  channel  and  lateral 
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carriers,  and  repairs  to  driveway  and  paved  bank.  All  rej^airs  of  tools 
and  macliinery  are  charged  to  the  projier  accounts  of  the  work  upon 
which  they  are  used.  The  expenditures  under  this  item  are  not  con- 
stant, but  fluctuate  according  to  the  amount  of  repair  work  neces- 
sary each  year. 

Detailed  Study  of  Scraping. — It  has  been  the  custom,  when  it  was 
the  intention  to  scrape  a  jDortion  of  the  filter  upon  a  given  day,  to  shut 
off  the  inlet  water  during  the  evening  before,  and,  by  running  the 
pumjDS  at  gradually  reduced  sjieed,  drain  the  sand  so  that  men  could 
work  upon  it  the  next  morning.  Since  January,  1900,  however,  water 
has  been  pumped  from  the  surface  of  the  filter  back  to  the  river  when 
draining.  Thus,  it  has  not  been  necessary  to  close  the  inlet  gate  as 
early  as  formerly,  or  to  have  so  much  of  the  work  done  in  an  uneco- 
nomical manner  by  the  large  pump  in  the  station.  But  the  effect, 
which  is  of  greater  importance,  is  that  the  filter  surface  can  now  be 
made  ready  for  cleaning  at  a  definite  time,  whereas,  jsreviously,  be- 
cause of  the  uncertainty  of  draining  through  a  more  or  less  clogged 
material,  the  filter  was  frequently  not  in  a  condition  for  work  when 
desired. 

Laborers  first  scrape  the  surface,  removing  the  schmutzdecke,  varying 
from  I  to  1  in.  in  thickness.  Sandals  are  not  worn  on  this  work,  as  is 
customary  at  some  other  plants.  When  a  few  beds  only  are  cleaned, 
this  part  of  the  work  is  usually  entirely  completed  before  removing  any 
of  the  sand;  but  if  a  large  area  is  being  scraped,  the  two  operations  are 
often  performed  alternately.  Until  recently  the  usual  shovels  with 
short  handles  and  square  mouths  have  been  used,  but  at  the  present 
time  special  long-handled  shovels  of  extra  width  have  been  tried  with 
success  and  economy. 

The  wheeling-out  is  done  in  barrows  upon  planks  laid  upon  the  sand 
surface,  and  the  length  of  carry  varies  from  75  to  350  ft.  This  work  is 
shown  in  Fig.  2,  Plate  IX.  The  siirface  of  the  bed  compacted  by  the 
process  of  cleaning  is  then  made  j)orous  or  loose  by  the  use  of  rakes 
with  teeth  about  2  ins.  long,  and,  finally,  the  raw  surface  is  evened  -with 
a  thin  smoother  attached  to  a  handle  and  used  like  a  rake.  For  some 
time  between  1895  and  1899  special  rakes,  with  teeth  about  6  ins.  long, 
were  used  to  loosen  the  upper  portion  of  the  sand  after  scraping.  That 
this  process  permitted  the  water  to  pass  through  the  sand  more  freely  is 
Ijrobably  true,  but  it  undoubtedly  tended  also  to  produce  each  time  a 
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deeper  clogging  in  the  sand.  It  is  tlierefore  believed  that  it  was  a 
prudent  measure  to  abandon  their  use  in  favor  of  the  short-toothed 
rakes,  which  are  entii-ely  sufficient  to  loosen  the  surface  of  the  sand 
compacted  by  the  laborers  in  working  without  sandals  during  scraping. 

Unfortunately  for  the  purpose  of  comparison,  the  cost  of  scraping 
has  not  always  borne  an  exact  relation  to  the  amount  of  work  i^erformed. 
This  has  been  largely  due  to  the  iineconomical  methods  used,  some 
of  which  will  necessarily  obtain  until  greater  expenditures  for  construc- 
tion and  equij^ment  are  allowed.  Whenever  a  few  beds  only  are 
scraped,  the  work  is  performed  by  the  usual  maintenance  force  always 
at  the  i:)lant,  varying  in  number  frpm  8  to  15  men.  At  times,  when 
the  demand  for  water  renders  it  necessary  to  scrape  a  large  part  of 
the  whole  surface  at  once,  additional  laborers  are  drafted  from  the 
street  and  pipe  repair  force.  As  many  as  30  men  have  at  times  been 
used,  many  of  whom  were  unfamiliar  with  the  best  methods  of  per- 
forming this  kind  of  work.  This  extravagant  method  of  cleaning  has 
been  used  somewhat  frequently,  and  is  a  result  of  the  necessity  of 
scraping  as  large  a  unit  area  as  possible  at  one  time.  A  few  years 
since,  one  of  the  writers  of  this  pajser  prepared  a  statement  of  the 
amount  of  work  accomplished  with  vai'ying  numbers  of  men  employed, 
showing  quite  conclusively  that  10  men  was  the  most  economical 
number  to  use  during  scraping  as  then  carried  on,  because  larger 
numbers  caused  some  to  be  in  the  way  of  others. 

Table  No.  15  presents  a  summarized  statement  of  the  cost  of  scraping 
in  comi:)arison  with  the  amount  of  work  done. 

TABLE  No.  15. — Statement  or  the  Total  Number  of  Beds  Sceaped 
PER  Year,  together  with  the  Cost  per  Bed  per  Scraping,  and 
PER  Million  Gallons  Filtered. 


Years. 

Number  of 
bed  scrapings. 

Cost  of 
scraping. 

Cost  per 

Cost  per 
million  gallons 
of  water  filtered. 

1806 

304 
416 
331 
421 
395 

$1350 
1950 
1930 
2  060   • 
2130 

84.40 
4.70 
5.80 
4.90 
5.40 

81.20 

1897 

1.70 

1S98 

1.60 

1899 

1.80 

1900 

1  80 

Some  recent  studies  show  that  the  costs  in  Table  No.  15  are  divided 
among  the  several  items  about  as  follows:  Wheeling  out,  ^;  scraping, 
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^;'  and  smootliing  of  surface,  }  of  the  total.  These  figiires  show  at 
once  in  what  portion  of  the  work  a  saving  should  and  can  be  made, 
namely,  in  the  use  of  some  approved  form  of  conveyer  to  replace  the 
wheel-barrow.  The  scraping  of  single  beds  has  occasionally  cost 
somewhat  less  than  f3,  although  in  cold  weather,  with  a  frozen  sand 
surface,  the  cost  has  been  as  high  as  .^10  per  bed. 

Detniled  Study  of  Sanding. — This  process  requires  but  a  short  de- 
scription. In  the  early  history  of  ojierations,  all  the  conveying 
charged  to  this  item  was  done  with  wheel-barrows;  but,  recently,  it 
has  been  the  custom  to  place,  over  the  bed  to  be  sanded,  a  platform, 
level  with  the  lower  driveway,  upon  which  the  teams  deliver  the  clean 
sand  and  from  which  it  is  wheeled  to  position  by  barrows.  The  method 
of  sanding  is  about  as  follows:  The  bed  is  scraped  as  usual,  the  upper 
10  ins.  is  removed  and  placed  at  one  side,  then  such  an  amount  of 
clean  sand  is  used  in  the  excavated  trench  as  will  bring  the  bed  to 
grade  when  the  old  sand  is  replaced  upon  it,  and  the  surface  shaped 
and  smoothed. 

It  is  probable  that  but  little  sanding  was  done  in  1895,  and,  in 
consequence,  the  amount  of  work  required  in  1896  was  considerably 
increased.  For  this  reason,  and  also  because  less  economical  methods 
were  used  than  later,  the  cost  of  sanding  during  this  year  was  unusu- 
ally high.  The  reduced  cost  in  1897  may  be  explained  in  part  by  the 
fact  that  a  less  depth  of  sand  was  added  during  this  year,  and  also, 
perhaps,  because  certain  expenditures  classed  under  "Conveying" 
should  rightfully  be  charged  to  this  work.  The  figures  in  1898  in- 
clude simply  the  cost  of  sanding  Beds  Nos.  1,  2,  3  and  12. 

It  apjjears  from  the  records  of  the  years  1899  and  1900  that  the 
average  cost  of  sanding  a  bed  is  about  $50.  It  has  been  found  that  on 
the  average  the  number  of  scrapings  per  bed  per  year  (1896-1900)  has 
been  about  15,  and  the  average  cost  of  each  about  $5.00,  making  $75 
approximately  the  total  annual  cost  of  keeping  a  bed  clean.  From  this 
figure  the  economy  of  bringing  the  beds  to  grade  by  sanding  once  a 
year  is  readily  api^arent. 

Detailed  Study  of  Conveying. — The  statistics  for  conveying  are  less 
satisfactory  than  any  others  in  connection  with  the  filter,  for  two 
reasons:  First,  the  methods  have  not  been  economical,  although 
much  improved  recently;  secondly,  the  account  is  less  accurate  than 
others  because  of  the  diflSculty  which  has  arisen  in  special  instances 
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in  determining  whether  certain  expenditures  belong  to  this  item 
or  to  others,  like  sanding  or  general  maintenance  work,  and  at 
times  to  hauling-accounts  entirely  foreign  to  the  work  of  the  filter. 
The  account  for  1897  is  jDrobahly  higher  than  it  should  be,  but  the 
■writers  can  find  no  authority  for  changing  from  the  amount  given. 

The  rough  contour  of  the  ground  north  of  the  filter  renders  it  neces- 
sary to  use  carts  in  hauling  the  dirty  sand  to  the  dump  near  the  washer; 
"whereas,  if  the  area  were  more  nearly  level,  cars  upon  a  tramway  could 
be  operated  by  the  laborers  or  by  some  smaller  force  than  present  con- 
ditions require.  The  extravagance  of  the  current  methods  has  been 
realized,  and  the  trial  of  a  machine-conveyer  or  some  means  of  hydraulic 
transportation  has  been  recommended,  but  the  money  for  such  installa- 
tion has  not  been  made  available. 


Fig.  3.— Detail  ok  Jet  of  Sand  Washer. 


Detailed  Study  of  Wa^hiny. — The  washing  niachiue  used  at  Lawrence 
is,  so  far  as  the  writers  are  aware,  the  only  one  of  its  kind  in  this  coun- 
try, and  is  similar  to  the  design  of  some  washers  in  service  in  Europe. 
The  bowls  of  the  machine  are  four  in  number  and  are  light  swee}?- 
castings  made  at  a  local  foundry.  The  sand  drops  to  the  bottom  of  each 
bowl  or  hopper  and  is  caught  by  an  inflowing  horizontal  jet  and  carried 
across  and  upward  through  a  3-in.  pipe  into  the  next  bowl.  The  fitting 
at  the  bottom  of  the  hopper  is  a  standard  3-in.  cross,  with  a  plug  in  the 
bottom  for  the  i^urpose  of  cleaning.     Into  a  bushing  in  the  inlet  end  of 
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the  ca-oss  is  placed  a  l^-m.  pipe,  to  the  end  of  which  is  attached  a  remov- 
able chilled-steel  nozzle  made  from  a  piece  of  hexagonal  rod.  The  nozzles 
in  use  have  re-in.  jets,  although  other  sizes  have  been  tried.  At  the  out- 
let of  the  cross  there  is  screwed  a  special  3  x  2-in.  reducer,  the  small 
end  of  which  is  placed  within  the  cross  and  is  of  bell  shape  in  order  to 
readily  receive  the  mingled  water  and  sand.  These  special  fittings, 
which  wear  out  continually,  are  made  as  required  at  the  shop  of  the 
Water  Department.  A  sketch  of  the  special  nozzle,  with  all  the 
attached  fittings,  is  shown  on  Fig.  3. 

The  washer  was  built  and  erected  early  in  1895,  and  was  first  used 
on  June  17th.  The  cost  of  the  patterns,  castings,  iiiping,  lumber, 
and  labor  on  the  machine  was  about  .^150,  and  that  of  the  concrete 
pavements  and  drains  about  ^240,  while  the  labor  account  of  the 
department  for  setting  up,  etc.,  was  about  $150,  making  a  total  cost  of 
.^540.  Additional  construction,  new  traveling  hopper,  draining  boxes, 
etc.,  have  been  charged  to  the  yearly  maintenance  accounts. 

The  presence  in  the  sand  of  small  stones,  which  would  occasionally 
drop  into  the  jet  and  stop  the  flow  of  the  washer,  rendered  it  necessary 
to  screen  all  sand,  both  the  old  and  dirty  as  well  as  the  new,  before 
throwing  it  into  the  first  hopjaer.  It  was  formerly  the  practice  to 
screen  the  sand  at  the  storage  bank  and  wheel  it  to  the  washer,  a  pro- 
cess which  required  two  men,  and  caused  an  irregular  and  intermittent 
feeding.  During  the  summer  of  1898,  one  of  the  writers  experimented 
with  different  arrangements  for  transporting  the  sand,  and,  in  a  short 
time,  devised  the  following  method,  which  was  adopted:  A  traveling 
hopper,  mounted  upon  a  light  frame  of  piping  and  jilaced  at  will 
wherever  dirty  sand  is  dumped,  is  fed  from  a  2-in.  pipe  from  the  main 
supply.  Sand  thrown  into  the  hopper  is  carried  by  the  entering 
water  into  and  through  a  connecting  length  of  3-in.  pipe  to  the  main 
washer,  where  it  is  raised  about  5  ft.  into  the  first  hopper  of  the 
machine.  The  nozzle  of  the  traveling  hopper  is  ^  in.  in  diameter. 
The  3-in.  pipe  line  varies  in  length  from  time  to  time,  and  is  made 
of  running  lengths  of  pipe  connected  in  such  lengths  as  are  neces- 
sary for  the  distance.  This  method  has  been  in  use  since  July,  1898, 
and  has  never  failed  in  carrying  the  sand  to  the  washer  from  the 
most  distant  point  required,  about  200  ft.  being  the  maximum  tried 
up  to  the  present  time.  It  appears  that  the  sand  has  not  only  been 
washed  more  thoroughly  since  using  this  ajiparatus,  due  probably  to 
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a  more  complete  mixing  aud  scouring  in  the  pipe  line,  but,  also, 
there  has  been  no  apparent  increase  in  the  amount  of  water  used,  and, 
moreover,  there  has  been  a  material  redvtction  in  the  cost  per  yard. 

From  the  last  hopper,  the  cleansed  sand  is  conveyed  by  water 
through  a  wooden  troiigh  to  one  of  two  draining  boxes.  Formerly, 
these  boxes,  each  holding  3  cu.  yds.,  were  stationary,  and  after  drain- 
ing, the  sand  was  shoveled  into  wheel-barrows  and  delivered  along  the 
dump  for  clean  sand.  In  1900  a  further  saving  of  time  and  labor  was 
eflfected  by  the  adoption  of  smaller  boxes,  or  cars,  on  trucks,  into 
■which  the  sand  is  delivered  from  the  washer,  drained,  and  then  carried 
on  a  narrow-gauge  track  to  the  storage  bank  where  it  is  quickly 
dumped  by  removing  one  side  of  the  car.  The  cost  of  these  ears  and 
track  appears  in  the  account  for  1900.  The  washer,  complete,  with  the 
old-style  draining  boxes,  is  shown  in  Fig.  1,  Plate  X. 

Originally,  the  washing  operations  required  6  men,  and  more  at 
times  when  the  wheeling  distance  was  considerable;  now,  4  men  do  the 
entire  work  of  screening,  of  attendance  ujion  the  machine,  and  of  car- 
rying away  the  clean  sand  to  the  dump.  Thus,  since  the  summer  of 
1898,  the  exjjense  has  been  considerably  less  than  before.  Washing 
operations  are  generally  begun  each  year  about  April  1st,  and  are 
suspended  about  December  1st.  The  ordinary  water  pressure  at  the 
machine,  with  everything  running,  is  63  lbs.,  and  at  thehopper  56  lbs. 
A  statement  of  the  cost  of  washing,  the  amount  of  sand  washed,  and 
the  quantity  of  water  used,  with  the  unit  factors  for  each,  covering 
the  last  four  years,  and  with  less  complete  data  for  the  years  1895  and 
1896,  is  given  in  Table  No.  16. 

TABLE  No.  16. — Details  of  Sand- Washing  Opebations  at  Lawkence 
Filter,  for  the  Years  1895-1900. 


Year. 

Cost  of  Operations. 

Cubic 
yards 
washed. 

Cost  per 
cubic  yard. 

Estimated 

number  of 

cubic  feet 

of  water 

used. 

Approx. 
Volume  of 

Labor. 

Bills. 

Total.* 

water  to 
sand 

1895  ... 

$990 
2  110 
1920 
1540 
1340 
1290 

$10 
10 
30 
60 

110 

$1  000 
2  120 
1950 
1600 
1450 
1510 

1500 

$0.67 

189fi     

1897 

2  900 

2  600 

3  200 
3  000 

0.67 
0.62 
0.45 
0.50 

1  050  000 
970  000 

1  140  000 
820  000 

1898 

14 

1899 

13 

1900 

10 

*  Cost  of  wash-water  is  not  included. 
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The  normal  maximum  amount  of  sand  wliicli  can  be  washed  in  one 
day  is  21  cu.  yds.,  lor  which  the  item  of  labor  of  4  men  at  $2  per  day 
represents  a  cost  of  38  cents  jper  yard.  The  charges  over  and  above 
this  amount  represent  bills  and  labor  for  repairs  and  additional  parts 
of  the  machine,  necessary  each  year  when  the  washer  is  made  ready 
for  service,  and  the  cost  of  delays  due  to  stopping  the  machine,  shift- 
ing positions,  and  any  other  causes  which  tend  to  decrease  the  outjiut 
below  the  maximum. 

Detailed  Study  of  Removal  of  Snoic  and  Ice. — During  the  winter 
weather,  that  is,  in  the  months  of  January,  February  and  March, 
scraping  can  seldom  be  accomplished  without  the  necessity  of  remov- 
ing ice  from  the  surface  of  the  filter.  "Whenever  the  ice  over  that  por- 
tion which  is  to  be  scraped  is  covered  by  snow,  the  latter  is  shoveled 
into  carts  and  taken  away.  It  was  formerly  the  custom,  also,  to 
remove  the  ice  in  the  same  way  after  cutting;  but,  recently,  this  has 
been  done  at  times  only  when  teams  are  at  hand,  and  more  ice  must  be 
removed  than  the  ice  machine  will  handle.  A  layer  of  ice,  about  15  ins. 
thick,  in  direct  contact  with  the  drained  sand  surface,  is  shown  in  Fig. 
2,  Plate  X. 

An  ice-conveying  machine  was  procured  and  set  uj?  during  the 
winter  of  1895-96,  and  since  January  18th,  1896,  has  been  in  almost 
constant  use  during  the  winter  season.  The  machine,  quite  com- 
pact and  convenient,  combines  the  power  and  the  runway  of  the  cus- 
tomary ice-house  conveyer  on  a  single  framework;  the  whole  being 
supported  upon  a  car  and  truck  moving  upon  a  wide-gauge  track.  The 
boiler,  engine  and  machinery  is  housed  on  the  body  of  the  car,  while  at 
one  end  is  supi^orted  the  framework  of  the  elevator.  This  elevator  is 
the  usual  style  of  long-link  convener  running  over  a  power  drum  at 
the  top  and  an  idler  at  the  bottom,  and  is  supported  upon  a  frame 
between  guides.  The  runway  of  the  conveyer  can  be  placed  at  any 
slope,  but  when  in  use  is  at  an  angle  of  about  45°  with  the  horizontal. 
The  engine  will  develop  11  H.-P.,  and  uses  about  350  lbs.  of  coal  per 
day  when  running.  The  conveyer  travels  at  a  rate  of  from  70  to  100 
ft.  per  minute,  and  will  hold  6  cakes  of  ice  at  once.  The  machine  is 
capable  of  propelling  itself  along  a  track  on  the  embankment,  so  that 
any  part  of  the  south  side  of  the  filter  can  be  reached.  The  ice  must 
be  cut  into  cakes  of  a  suitable  size  and  fed  to  the  conveyer,  which 
then  delivers  it  over  the  embankment  upon  a  runway  into  the  river,  or 
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Fifi.  1.— Washing  Machine  and  Thavei.inc;  Hopi'kh.   Lawrence  City  Filter. 


Fig.  3.— Thick  Ice  ds  Sand  Surface  at  Time  of  Draining  Lawrence  City  Fi 
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on  its  frozen  surface.  If  the  ice  is  sufficiently  thick,  it  is  marked  with 
a  horse  plow,  and  long  cakes  are  then  broken  off  and  divided  into 
small  pieces  capable  of  being  caught  by  the  carrier  bars  of  the  eleva- 
tor. Inasmuch  as  a  considerable  amount  of  labor  is  required  to  cut 
the  ice  into  small  pieces,  a  saving  might  be  effected  with  a  more 
powerful  engine,  capable  of  moving  a  wider  elevator  at  greater  speed. 
Ice  has  quite  often  appeared  upon  the  filter  surface  by  the  middle 
of  November,  but  becomes  hardly  thick  enough  to  cut  for  several 
weeks,  and  generally  disappears  by  the  middle  or  last  of  March.  The 
removal  of  ice  over  such  beds  as  require  cleaning  is  accomj^lished  Just 
before  it  is  desired  to  scrape.  If  the  cleaning  of  an  adjoining  area 
occurs  shortly  afterward,  and  the  formation  of  ice  does  not  prevent,  it 
frequently  happens  that  the  ice  already  formed  on  the  beds  in  question 
may  be  floated  over  the  area  scraped  and  its  removal  consequently 
avoided  until  some  future  date.  The  ice  is  rarely  allowed  to  become 
thicker  than  15  ins.,  and,  generally,  three  or  four  crops  are  cut  over 
portions  of  the  surface. 

The  cost  of  removing  snow  and  ice,  in  order  to  clean  the  filter  in 
the  winter  time,  is  an  expensive  operation,  and  has  varied  from  ^1.90 
to  1^2.90  per  million  gallons,  according  to  the  severity  of  the  winter 
and  the  methods  used.  The  average  cost  of  removal  has  been  $2.30 
per  milhon  gallons  filtered  in  a  year,  or  about  tl  100  per  year  per  acre 
of  net  filter  surface.  The  demands  of  consumption  are  such  that  the 
filter  must  be  scraped  as  usual  in  the  winter  time,  and  the  cost  of  ice 
removal  is,  therefore,  greater  than  at  other  places  where  reserve  filter- 
ing area  is  provided.  Other  than  conveying,  this  item  is  probably  the 
most  expensive  and  wasteful  of  any  part  of  the  maintenance.  The 
average  yearly  cost  per  acre,  capitalized  at  4%,  is  $27  500,  a  sum  much  in 
excess  of  the  cost  per  acre  necessary  to  erect  a  cover  over  the  present 
filter,  and  greater,  even,  than  the  additional  cost  per  acre  of  an  approved 
form  of  covered  masonry  filter  over  a  similar  one  not  so  covered. 

The  Efficiency  of  the  Filter  as  Determined  by  Chemical  and 
Bactekiological  Analyses,  and  by  the  Decreased  Prevalence 
or  Typhoid  Fever  in  the  City  of  Lawrence. 

General. — From  the  time  of  first  operating  the  filter,  the  results  of 
its  work  have  been  studied  by  the  Massachusetts  State  Board  of 
Health,  which  has  conducted  chemical  and  bacterial  examinations  of 
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tlie  watei-  of  the  Merrimac  River  as  it  flows  upon  the  filter,  and  of  the 
effluent  of  the  filter  at  the  pumping  station,  and  after  passing  success- 
ively through  the  distributing  reservoir,  through  the  supijly  mains  to 
City  Hall,  and,  at  length,  at  the  extreme  easterly  end  of  the  city  to  the 
Lawrence  Experiment  Station.  It  has  been  customary,  especially 
during  later  years,  to  make  daily  bacterial  analyses  of  the  water  at  the 
several  points  just  mentioned,  during  the  months  from  November  to 
Ajjril  inclusive,  and  weekly  examinations  during  the  warmer  season 
from  May  to  October,  when  it  has  been  found  that  the  filter  is  more 
uniformly  in  a  state  of  biological  stability.  The  results  of  these 
studies  have  been  published  in  detail  in  the  Annual  Reports  of  the 
State  Board  of  Health,  from  which  nearly  all  the  data  presented  in  the 
subsequent  tables  have  been  derived. 

The  water  supjjly  of  Lawrence  is  for  the  most  part  pumiced  after 
filtration  to  an  open  distributing  reservoir  located  upon  a  hill  about  | 
mile  from  the  river.*  The  reservoir  consists  of  two  basins  of  about 
equal  size,  having  a  combined  caj^acity  of  40  000  000  galls.,  equivalent 
to  nearly  two  weeks'  supply  for  the  city.  The  inlet  is  arranged  to  par- 
tially aerate  the  water  entering  the  reservoir  by  discharging  into  the 
air  aad  allowing  the  water  to  fall  upon  a  series  of  masonry  steps  over 
which  it  flows  into  both  basins.  From  the  reservoir  the  water  travels 
through  main  distribution  pipes  for  a  distance  of  about  1|  miles  to 
City  Hall,  and  for  a  total  distance  of  nearly  2i  miles  to  the  Experi- 
ment Station. 

Chemical  Residt.'i. — During  the  construction  of  the  filter,  ground- 
water was  encountered  at  various  points  in  the  excavation,  jDarticularly 
in  the  central  and  easterly  portions.  The  superficial  area  of  the 
southerly  slope  of  the  hill  leading  from  the  filter  toward  the  reservoir, 
apparently  tributary  to  the  filter,  is  perhaps  23  acres,  and  the  above- 
mentioned  flow  of  ground-water  probably  represents  the  yield  from 
this  or  a  more  extended  water-shed.  In  this  territory  there  are  at  the 
present  time  about  a  dozen  dwelling-houses,  many  of  which  have  by 
this  time  been  connected  with  the  sewer  system,  but  some  are  yet 
provided  with  individual  cesspools  or  privies. 

The  average  yearly  results  of  the  weekly  chemical  examination  of 

the  water  of  the  Merrimac  River,  and  of  the  effluent  from  the  filter 

*'Since  1896,  about  one-tenth  of  the  water  has  been  pumped  independently  to  a 
closed  stand-pipe  just  above  the  reservoir,  to  supply  the  people  living  upon  the  two 
main  hills. 
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TABLE  No.  17. — Eesults  of  CnEMicAii  Analyses  of  Applied  Meeki- 

MAC  KlVER  WaTEE   AND   EfFLUENT  FROM   LaWEENCE  FlLTEE  FOR  THE 

Years  1893-1899  (Parts  pee  1  000  000). 


SOUDS. 

„' 

COLO« 

Chlorine 

Hardness. 
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ignition. 
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f^ 

s 
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Ph 

€ 
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« 

e 
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« 

h 

ss 

w 

k^ 

w 

k^ 

w 

s  ^ 

(S* 

k^ 

1893, 

3  months 

0  v^ 

0  IS 

15  4 

4A  a 

2!! 

2.2 

2  5 

-4.8 
-19.0 

1894 

3i. 35  0.4216.34 

19.0|37.0 

61 .0 

—64  9 

13  0 

14,1 

-8.5 

16 

31 

-94 

1895 

39  05  0.46  0.39 

15.243.4 

.59.5 

-37  1 

17.5 

17.0 

2.« 

2.4 

2.8 

-16.7 

17 

24 

-41 

1896 

36.680.44'0.:i6 

18.239.8 

54.3 

-36.4 

15  2 

Ki  4 

— 7.S 

2.U 

2  2 

-10.0 

13 

19 

-46 

1897 

41.7^0.450.42 

6.7,38.4 

51  7 

-34  fi 

15  4 

16,8 

-9.1 

2.1 

2,3 

-9.5 

13 

18 

—38 

1898 

49.4S;0  45,0.41 

8.9:39.0 

46.  H 

-19  5 

16  H 

16  9 

-3.7 

2.1 

2  3 

-9.5 

12 

17 

-42 

1899 

34.87 

0.36  0.33 

8.3 

39.9 

44.4 

—11.3 

14.9 

14.2 

4.7 

2.5 
2.2 

2.6 
2.4 

—4.0 

12 
14 

16 
21 

-33 

Average, 
six  years 

38.86 

0.43|0.38 

11.6 

39.6 

52.9 

-33.6 

15.4 

15.9 

-3.2 

-9.1 

-50 

It 

Nitrogen  as 

Oxygen 

Year. 

Free  am- 
monia. 

Albuminoid 
ammonia. 

Nitrites. 

Nitrates. 

Consumed. 

4J 
1^ 

fl 

I2 

1 

1^ 

il 

:A'.o 

49^7 
59.1 

52.8 

i 



l).(l()4 
(I.I  1(11 

U.(J()1 
0.001 
0.001 
0.003 

0.002 

a 

i 

^-6 

i 

1 1 .  1 :.' 

§ 

0.37 
(I..39 
11.38 
0.36 
0.43 
0.45 
0.36 

0.40 

1^ 

s 

4.2 
3.9 
4.4 
4  2 

i 
% 

2.9 
2.6 
3.0 

0  7 

tl 

1893, 

3  months. 

1894 

1895 

92 

81 

0.089 
0.083 
0.097 
0.094 
0.083 

0.086 
0.083 
0.095 
0.084 
0  107 

3.4 

0.0 
2.1 
10.6 
-30.5 
-52.3 
26.5 

0.200 

0.194 
0.202 
0.198 
0.203 
0.193 
8.203 

0.199 

O.lin 
0.09.-> 
o.o'.ir 

0.09G 

0;097 
0.083 

0.094 

(i.iin.">  -25 
II. mil         II 
1 1  1  '1 1 1       ."1'  1 

—160 
-220 
-170 
-160 
— 21U 
-250 
-140 

-,»0 

31 
33 
32 

1896. . . . 

(J. (.00     lOUU.U 
0.000    100,0.14 
0.000    100,0.13 
0.001      68^0.15 

36 

1897 

4.53.6 
4.4  2.9 
3.62.3 

33 

1H98 

1899 

0.0650.099 
0.113  0  083 

34 
36 



Average, 
six  years 

0.089 

0.092 

—3.4 

0.001 

50 

0.14 

" 

2.8 

33 

Note.— The  annual  rainfall  given  in  the  table  is  the  total  annual  precipitation  at 
Lawi-ence,  observed  by  the  Essex  Company  on  behalf  of  the  United  States  Weather 
Bureau. 

The  "Solids"  represent  the  average  monthly  determinations  at  the  Boston  Labora- 
tory of  the  Massachusetts  State  Board  of  Health. 

The  determinations  of  color,  solids  and  oxygen  consumed  on  river  samples  were 
made  after  passing  samples  through  filter  paper.  The  color  standards  used  were  natural 
waters,  the  color  of  which  had  been  accurately  determined  by  comparison  with  Nessler- 
ized  ammonia  standards,  prepared  as  described  on  page  531,  "  Special  Report  on  Exam- 
ination of  Water  Supplies,"  and  on  page  329  of  Annual  Report  of  1892,  Massachusetts 
State  Board  of  Health. 
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from  its  first  oiDeration  to  the  end  of  the  year  1899,  are  i^resented  in 
Table  No.  17. 

Bacterial  Results.. — Table  No.  18  shows,  by  months,  the  average 
numbers  of  bacteria  in  the  water  of  the  Merrimac  River,  as  applied  to 
the  filter,  and  in  the  efliuent  of  the  filter  at  the  j)umping  station  and 
in  the  tap  water  at  City  Hall.  During  1897,  regular  examination  of 
samples  collected  at  these  points  for  Bacillus  Coll  communis,  the  repre- 
sentative bacterium  indicating  sewage  contamination,  was  begun,  and 
these  studies  have  been  continued  to  the  present  time.  Where  infor- 
mation regarding  the  occurrence  of  this  organism  has  been  available 
it  has  been  inchided  in  the  table. 

The  decreased  efficiency  of  the  filter  during  cold  winter  weather, 
especially  in  the  first  years  of  operation,  has  undoubtedly,  in  part, 
been  due  to  the  fact  that  the  removal  of  ice  is  attended  with  such 
difficulty  that  only  a  portion  of  the  filter  can  be  scraped  at  any 
given  time;  while  over  the  remainder  of  the  area,  when  the  filter  is 
drained,  the  ice  settles,  becomes  frozen  to,  and  thus  disturbs,  the 
upper  sand  layers.  On  account  of  the  many  inherent  difficulties 
attending  the  scraping  of  the  filter  in  this  weather,  and  because  the 
cleaning  of  the  beds  nearest  the  pumping  station  was  more  eflfective 
in  producing  an  increased  flow,  it  oftentimes  happened  that  only  this 
portion  of  the  filter  was  scraped.  It  is  evident  that  the  practice  of 
scraping  a  jDart  only  of  the  surface  at  any  given  time,  tends  to  produce 
high  rates  of  filtration  through  those  portions  having  a  clean  surface, 
and  permits  correspondingly  lower  rates  through  the  area  over  which 
a  more  or  less  imjjervious  schmutzdecke  has  already  formed.  Moreover, 
the  drawing  down  of  the  water  in  the  sand  below  the  surface,  the  filter 
being  uncovered,  allows  the  upper  layers  of  sand  to  become  partially 
frozen,  the  effect  of  which  is  unquestionably  disastrous  to  securing  the 
highest  bacterial  efficiency. 

Results  of  examination  of  samples  of  water  from  the  outlet  of  the 
open  distributing  reservoir,  although  not  included  in  the  table,  are, 
nevertheless,  interesting  because  they  show  a  considerable  increase  in 
the  number  of  bacteria  over  the  numbers  in  the  effluent  immediately 
after  passing  through  the  filter.  It  is  i^robable,  therefore,  that  the 
large  increase  in  the  numbers  of  bacteria  found  in  the  tap  water  at  City 
Hall,  principally  during  the  warmer  seasons  of  the  year,  as  shown  by 
the  table,  is  either  due  to  the  organisms  entering  the  open  reservoir  from 
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TABLE  No.  18. — Number  of  Bactekia  in  the  Water  of  Mekbimac 
River,  in  Effluent  of  Filter  at  Pumping  Station,  and  in  Tap 
Water  at  City  Hall. 


■oaS 

Op«: 


fiS'S, 

111- 


Average  Number  of 
Bacteria  PER  Cubic 
Centimeter. 


In  water 

applied  to 

filter. 


In  effluent 

of  filter  at 

pumping 

station. t 


•"oh 


^.11. 


^o^ 


&W 


STo 


tB 


(1) 


(3) 


(4) 


C) 


October +.. 
November 
December., 


Average. 


21  000 
7  700 
9  400 


97.3 
97.5 
97.9 


January 

23 

7  600 

140 

98.2 

56 

60 

February. . . . 

21 

8  300 

250 

97.0 

89 

64 

March 

20 

6  900 

220 

96.8 

110 

50 

April 

May 

23 

14  800 

230 

98.4 

82 

64 

6  000 

130 

97.8 

130 

0 

June 

8  300 
2  400 

110 
25 

98.7 
99  0 

95 
92 

14 

July 

268 

August 

3  100 

36 

98.8 

140 

-289 

September  . . 

6  500 

42 

99.4 

85 

-102 

October 

25  300 

120 

99.5 

81 

32 

November... 

t 

16  600 

180 

98.9 

72 

60 

December.... 

22 

23  800 

860 

98.5 

270 

25 

Average 

iO  800 

150 

98.6 

110 

27 

January  

27 

18  700 

210 

98.9 

140 

33 

February.... 

24 

15  000 

280 

98.1 

100 

64 

March 

26 

20  800 

400 

98.1 

100 

75 

April 

15 

t 
t 

8  400 
7  000 

9  000 

84 
68 
68 

99.0 
99.0 
99.2 

66 
170 
64 

21 

7&^.: ::::::.: 

June 

6 

July 

t 

10  000 

50 

99.5 

56 

—  12 

August 

t 

5  000 

38 

99.2 

55 

—  45 

September. . . 

t 

5  000 

40 

99.2 

50 

-  25 

October 

t 

19  000 

60 

99.7 

51 

15 

November . . . 

17 

8  700 

64 

99.3 

50 

22 

December . . . 

24 

6  700 

84 

98.7 

60 

Average 

11  100 

120 

98.9 

80 

33 

January 

27 

7.500 

170 

97.7 

88 

February 

33 

13  600 

830 

97.5 

170 

March........ 

17 

6  100 

140 

97.7 

98 

April 

35 

1 

t 

3  800 

4  600 
10  000 

3  400 

40 
64 
58 
34 

98.9 
98.6 
99.4 
99.0 

May 

50 

June. 

71 

July 

120 

August 

t 

3  700 

2908 

120 

September. . . 

t 

18  800 

35 

99.8 

100 

October 

t 

9900 

31 

99.7 

44 

November... 

t 

5  800 

50 

99.1 

December.... 

24 

9  700 

67 

99.3 

58 

Average 

7  600 

110 

98.6 

85 

See  notes  on  page 
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TABLE  No.  lS—{GoyiUnued). 


(1) 

(3) 

(3) 

(4) 

(5) 

(6) 

(7) 

1897. 

January 

22 

13  300 

91 

99.3 

49 

46 

February. . . . 

33 

13  100 

79 

99.4 

48 

39 

March 

26 

12  300 

67 

99.5 

62 

8 

April 

25 

6  900 

47 

99.3 

51 

—    8 

May 

4  500 
4  000 
6  300 
10  200 

35 

40 
110 
70 

99.2 
99.0 
98.3 
99.3 

73 
100 
300 
100 

—108 

—150 

July      

—173 

August 

—  43 

September . . 

34  900 

68 

99.8 

74 

-    9 

October 

13  400 

31 

99.8 

78 

—152 

November... 

25 

6  600 

27 

99.6 

43 

-  59 

December.... 

26 

5  600 

24 

99.6 

26 

—    8 

Average 

10  900 

57 

99.5 

84 

-  47 

Month. 


Average  Number 

OF  Bacteria  per 

Cubic  Centimeter. 


ss 


i  '^  A 


£f 


ghi 


a? 
■2  ft 


o  »   . 

■gots 
H 


i! 


o  g 


.2o 

Set 

P.-9  ft 

3.rt  03 


January.... 
February. . 

March 

April 

May 

June 

July 

Ausrust . . . . 
September 

October 

November. 

December. 


January... 
February. . 

March 

April 

May 

June 

July 

August 

September 
October.... 
November. 
December.. 


Average 5 


6  500 
4  700 
3  700 
2  800 
2  000 
6  40'J 


3  700 

4  200 
4  700 

4  300 

5  100 
5  100 


Average 1  4  400 

1899. 


4  900 

5  900 

6  300 

2  900 
1  900 

4  500 

3  000 

5  100 
5  500 
9  700 
9  800 
9  800 


110 
53 
290 

280 


1(  5  times) 
1(  3  times) 
1(13  times) 
1(,12  times) 


1(14  times) 


1(13 

1(  2 
1(  4 


0 
l(once) 

0 

0 

0 
1(  6  times) 
U5      "      ) 


99.4 

34 

28 

30 
19 
39 
53 
32 
54 
47 
150 
140 
260 

13 

99  0 

38 

99.1 

99.1 

—  43 

97.6 

60 

99.3 

17 

99.4 

—194 

99.2 

0 

21 

99  4 

—  81 

97.7 
98.8 
94.3 
94.5 

1(  4  times) 
1(  3  times) 
1(11  times) 
1(11  times) 

-  36 

—164 

10 

7 

98.3 

90 

98.2 

69 

99.3 

42 

98.6 

33 

99.1 

17 

97.8 

47 

99.5 

36 

99.6 

47 

99.4 

24 

99.0 

24 

38 

99.4 

37 

99.1 

4. 

1(  5  times) 
1(  5  "  ) 
K  3      "      ) 

0 

0 

0 

0 

0 

0 
l(once) 


37 
7 
18 
0 
53 
—157 
-135 
25 
76 
17 


*  Excluding  results  of  November  27th,  when  suction  pipe  was  lowered  in  pump-well. 

t  Filter  put  in  operation  September  20th,  1893.  The  average  results  of  11  days  after 
starting  were:  River,  37  000;  Effluent,  6  200;  Percentage  reduction  in  filter,  83.2. 

X  Samples  collected  from  rising  main  from  pump.    Examinations  made  weekly. 

§  Increase  due  to  test  on  pumps  from  August  10th  to  22d,  and  emptying  of  force 
main  on  latter  date.  .     , 

II  Excluding  records  for  those  days  when  the  Alter  underdrains  were  being  repaired; 
also  for  the  two  succeeding  days. 
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tlie  air,  or  to  tliose  develoiied  in  the  water  under  the  favorable  circum- 
stances. Notwitlistanding  this,  however,  it  will  be  seen  that  throughout 
the  greater  portion  of  the  year,  a  material  decrease  in  the  niimber  of 
bacteria  in  the  tap  water  is  effected  during  its  passage  from  the  pumping 
station. 

Relation  of  Scraping  to  Bacterial  Efficiency. — Table  No.  19  presents 
all  the  available  data  relative  to  the  numbers  of  bacteria  found  in  the 
effluent  of  the  filter  during  periods  of  3  days  before  and  3  days  after 
the  scraping  of  different  numbers  of  beds,  at  times  when  daily  analyses 
of  the  water  were  made.  The  table  shows  the  efficiency  of  filtration  at 
these  times. 

Of  the  40  scrajiings  tabulated,  3  indicate  no  change  in  efficiency  due 
to  cleaning;  on  21  occasions  there  was  a  decrease,  and  on  16  an  apparent 
increase  in  the  i^ercentage  removal  of  bacteria.  It  is  significant,  how- 
ever, that  of  the  17  times  when  12  or  more  beds  were  scraped  (^.  e. ,  about 
one-half  or  more  of  the  entire  filter  surface)  there  were  only  4  occasions 
on  which  an  increased  percentage  of  removal  resulted,  and  3  times  when 
there  was  no  apjjarent  change,  the  remaining  10  times  causing  a 
decreased  efficiency  ranging  from  0. 1  to  2. 9  per  cent.  During  December, 
January  and  February,  there  were  13  times  when  less  than  12  beds  were 
scraped,  and  4  times  when  more  than  one-half  of  the  entire  filter  surface 
was  cleaned.  Of  this  later  number,  two  indicated  an  increase  and  two 
a  decrease  in  efficiency. 

Inasmuch  as  daily  bacterial  examinations  of  the  water  of  the  river 
and  of  the  effluent  have  not  been  carried  on  during  the  warmer  months 
of  the  year,  from  May  to  October,  when  the  filter  is  presumably  in  its 
most  stable  condition,  the  table  probably  represents  the  average  and  the 
worst  effects  only,  produced  by  scraping. 

Relation  of  Continuous  and  Intermittent  Operation  to  Bacterial  Effi- 
ciency.— Statements  have  already  been  made  to  show  that  theLawrenc 
filter  has  been  operated  in  the  jDast,  for  varying  intervals  of  time,  bot 
intermittently  and  continuously.  It  has  been  possible  to  collect  and 
present  in  Table  No.  20  for  purposes  of  comparison,  data  representing, 
from  a  bacteriological  standpoint,  the  results  of  these  two  methods  of 
operation.  Twelve  of  the  16  periods  of  continuous  operation  oc- 
curred immediately  after  cleaning  some  jiart  of  the  filter  surface,  while 
during  8  of  the  9  periods  of  intermittent  action,  scraping  was  carried 
on.     Under  these  circumstances,  it  is  difficult  to  draw  definite  ccnclu- 
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TABLE  No.  19. — Avekage  Numbees  of  Bacteria  in  Effluent  of 
Lawrence  City  ErLTER  during  Periods  of  Three  Days  Before 
AND  After  Scraping,  and  Percentage  Relation  to  Average  Num- 
ber IN  Applied  Kiver  Water. 


Date  of  scraping. 

! 
1 

o 

1 

g 
12; 

Designation  of  beds 

scraped, 

by  numbers. 

Average   Num 

BER      OP    BAC-I 
TERIA             PER 

CCBIC    Centi-i 
MKTER  IN  Ef- 
fluent    DUE- 1 
ING        Three 
Days. 

Average  Percent- 
age Removal 
FROM       Applied 
River    Water 
DURING  Three 
Days. 

o  p, 

ci  be 

ft 

1^ 

November  21  1895 

2 
2 
3 
4 
4 
4 
5 
6 
6 
6 
6 
6 

Nos.  24-25. 
Nos.  11-12. 
Nos.  1-3. 
Nos.  20-23. 
Nos.  22-25. 
Nos.  1-4. 
Nos.  10-14. 
Nos.  16-21. 
Nos.  15-20. 
Nos.  10-15. 
Nos.  9-14. 
Nos.  8-13. 

75 
400 
26 
170 
37 
46 
73 
97 
44 
34 
120 
51 

120 
280 

110 
37 

84 
28 
110 
42 
30 

H 

99.3 
96.9 
99.0 
97.9 
99.5 
98.9 
97.0 
98.1 
99.2 
99.2 
98.5 
98.7 

99.0 
97.8 
99.1 
96.9 
99.2 
98.3 
99.5 
98.8 
99.6 
99.3 
99.7 
97.7 

o.s 

February  22.  1896 

—0.9 

April  23-24,  1896 

-0.1 
1.0 

March  15,  1898.           

0.3 

0.6 

March  10,  1898 

-2.5 

March  10, 1896 

April  7  1897 

—0.7 
—0.4 

December  1-2,  1897 

January  5  7,  1898        

-0.1 
—1.2 

February  16-19,  1898 

1.0 

Average  first  group 

February  12,1898 

4.5 

7 
7 
8 
8 
9 
9 
9 
9 

98 

31 

100 

88 
110 
40 
16 
19 
84 

79 

51 
130 
20 
120 
140 
27 
20 
34 
16 

98.4 

99.3 

98.1 
99.5 
99.4 
96.7 
99.3 
99.8 
99.7 
98.0 

98.8 

98.7 
97.9 
99.8 
98.9 
97.6 
98.8 
99.7 
99.2 
99.5 

—0.4 

Nos.  1-7. 
Nos.  15-17,  22-25. 
Nos.  1,  2, 11, 12,  22-24. 
Nos.  3-10. 
Nos.  15-22. 
Nos.  1-9. 
Nos.  1-9. 
Nos.  1-9. 
Nos.  1-9. 

0.6 
0.2 

November  15, 1899 

Dec.  31.  1896-Jan.   1,  1897. . 

February  21-24.  1899 

December  10  1896           

—0.3 
0.5 

-0.9 
0.5 

November  17-18,  1897 

November  27,  1897 

0.1 

0.5 

-1.5 

Average  second  group  . . 

8.1 

12 
14 
16 
16 

18 

58 

120 
23 
33 
64 
54 
20 
46 

62 

110 
11 
46 
32 
13 
19 
50 

99.1 

98.9 
99.7 
99.6 
99.0 
99.2 
99.7 
99.3 

98.9 

99.6 
99.9 
99.2 
99.0 
99.9 
99.7 
98.0 

0.2 

Nos.  1, 11-20. 
Nos.  15-25. 
Nos.  1-7,  21-25. 
Nos.  1  -14, 
Nos.  10-25. 
Nos.  10-25. 
Nos.    8-25. 

—0.7 

January  11-15,1898 

Aprill3-14,  1897 

-0.2 
0.4 

April  28-29, 1897 

0.0 

November  10-11,  1897 

November  22-23,  1897 

April  20-22,  1897 

-0.7 
0.0 
1.3 

Average  third  group. . . . 

November  26-30. 1895 

March  22-26,  1898 

14.0 

23 
23 
24i 
25" 
25 
25 
25 
25 
25 
25 
25 
25 

51 

18 
120 
54 
42 
18 
27 
12 
36 
150 
34 

40 

48 
21 
41 
75 
39 
34 
20 
28 
96 
210 
26 
53 

99.3 

99.0 
99.5 
99.3 
99.0 
98.2 
99.7 
99.7 
99.4 
99.2 
99.5 
98.0 
99.8 

99.6 

99.0 
99.0 
98.7 
98.8 
98.8 
99.6 
99.8 
98.7 
96.3 
97.9 
99.7 
99.3 

-0.3 

Nos.  1-23. 

Nos.  1-22,  25. 

Nos.  1-4,  6-25,  *. 

Nos.  1-25. 

Nos.  1-25. 
1           Nos.  1-25. 

Nos.  1-25. 

Nos.  1-25. 

Nos.  1-25. 
i           Nos.  1-25. 

Nos.  1-25. 

Nos.  1-25. 

0.0 
0.5 

April  26  28  1899 

0.6 

December  27-31,  1895 

April  8  10  1896             

0.2 
-0.6 

March  23-31,  1897 

0.1 

December  11-14,  1897 

April  27-28,  1898 

-0.1 
0.7 

April  5  6  1899 

2.9 

November  21-24,  1899 

December  5-8,  1899 

December  16-19, 1899 

1.6 

-1.7 

0.5 

Average  fourth  group. . . 

24.6 

52 

58 

99.2 

99.0 

0.8 

General  average 

13.0 

67 

62 

99.0 

99.1 

—0.1 
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sions,  but  as  far  as  the  data  represent  actual  conditions,  there  seems  to 
be  no  practical  difference  in  the  bacterial  efficiency  obtained  with  the 
two  methods  of  operation. 

TABLE  No.  20.— CoMPAEisoN  of  Numbers  or  Bacteria  in  Applied 
EivER  Water  and  Effluent  of  Filter,  during  Periods  of  Con- 
tinuous AND  Intermittent  Operation. 


Periods  (.Inclusive). 


Number  op  Days. 


In 
period. 


Average  Number  of 

Bacteria  per  Cubic 

Centimister  in 


filler  was     ^PP^ed       Effluent 
dr1[nldj"^«'-^^t«'-.   of  filter. 


Percentage 
of  bacteria 
removed  by 
filtration. 


With  Continuous  Operation. 


Dec.  14-27,  1897 

14 
10 
15 
6 
11 
6 
13 
14 
5 
7 
4 
5 
14 

5 
4 

0 

5  700 

7  600 
5  100 

5  200 

3  900 

4  600 
1900 

3  400 

6  600 

5  100 

6  800 
5  300 

4  800 
2  400 
2  800 

8  400 

26 
25 
36 

SI 

30 
23 
14 

140 
88 

120 
42 
34 
63 
49 
19 

99  6 

Jan.  15-24,  1898 

99.7 

Jan.  36  Feb.  9,  1898 

99  3 

Feb.  9-24,     "  . 

98  7 

Feb.  26-Mch.  8,  "  

99.0 

Mch.  15-20.     '•  

Mch.  26-Apr.  7,  " 

99.4 
98  8 

Oct.  26-Nov.  8,  "  

99.6 

Feb  7  11     1899 

97  9 

Feb.  13-19,     " 

98.3 

Feb.  24-27,     "  

98.2 

Mch.  14-18,     '•  

99.2 

Mch.  20-Apr.  2,  "... .    . 

99  3 

Apr.  6-14.     '•  

97.4 

Apr.  28-May  2,  "  

98.2 

Nov.  15-18,     "  

99  8 

Average 

9 

0 

5  000 

51 

99.0 

With  Intermittent  Operation. 


Jan.  10-14,  1898 

5 
5 
12 
4 
4 
4 
5 
5 
5 

1 

4 
3 
3 
3 
4 
4 

5  300 

8  300 
5  200 
7  700 

9  300 
700 

5  400 
10  200 
15  000 

20 

84 
83 
71 
18 
22 
96 
43 

99  6 

Dec.  1-5,   " 

98  9 

Jan.  22-Feb.  2,  1899 

98.4 

Feb.  20-23,     "  

98  9 

Mch.  3-6,     "  

99  3 

May  7-10, 

97  4 

Nov.  5-9,     "  

99  6 

Dec.  3-7,     "  

99  1 

Dee.  14-18,    "  .. 

99  7 

6 

4 

7  400 

58 

99  2 

Comparative  Prevalence  of  Typhoid  Fever  in  Lawrence  Before  and 
After  the  Introduction  of  a  Filtered  Water  Supply. — For  an  extended 
period  prior  to  the  introduction  of  filtered  water,  the  death  rate  from 
typhoid  fever  in  Lawrence  was  excessive.  During  the  ten  years  from 
1859  to  1868,  the  local  death  rate  from  this  disease  averaged  8.34  per 
10  000,  placing  the  city  in  this  regard  fourth  in  the  list  of  sixteen 
cities  of  Massachusetts  which  introduced  public  water  supplies  in  the 
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years  from  1869  to  1877.*  In  1875,  as  already  stated,  there  was  intro- 
duced in  Lawrence  a  public  water  siipply,  derived  to  some  extent 
from  the  filter  gallery,  but  for  the  most  part  directly  from  the  Merri- 
mac  River,  and  used,  after  storage  of  about  two  weeks,  in  the  dis- 
tributing reservoir.  From  1878  to  1889  the  city's  death  rate  from 
typhoid  fever  was  8.33  per  10  000,  or  the  second  in  amount  obtaining 
in  the  twenty-eight  places  in  MassachiTsetts  which  were  cities  in  1891, 
the  average  rate  of  which  was  only  4.62  ^ier  10  000.*  During  the  last 
four  years  of  this  term  the  Lawrence  death  rate  was  10.30  per  10  000, 
while  the  average  for  the  other  cities  was  practically  the  same  as  for 
the  entire  period. 

An  inquiry  made  by  the  State  Board  of  Health  into  the  cause  of 
the  excessive  mortality  from  this  disease  in  Lawrence  developed  the 
fact  that  from  1889  to  1893  the  prevalence  of  typhoid  fever  followed 
with  marked  uniformity  outbreaks  of  this  disease  in  Lowell.  The 
sewers  of  that  city  discharge  directly  into  the  Merrimac  Eiver  9  miles 
above  the  intake  of  the  Lawrence  Water-Works. 

In  order  to  show  the  benefit  derived  from  the  introduction  of  the 
filtered  water  supi^ly  in  Lawrence,  so  far  as  it  may  be  indicated  by  the 
decreased  prevalence  of  typhoid  fever.  Table  No.  21  has  been  prepared. 
This  table  gives  the  number  of  reported  cases  and  deaths  from  this 
disease  during  the  six  years  (1887-1892)  prior  to  the  year  of  construc- 
tion of  the  filter,  and  during  the  six  years  (1894-1899)  following  its 
completion;  together  with  the  same  data  for  the  intermediate  year, 
1893,  and  the  past  year,  1900.  The  average  death  rate  from  this  disease 
for  the  State  has  been  added  for  piirposes  of  comparison. 

It  will  be  seen  that  the  average  percentage  of  cases  resulting  in  death 
during  the  first  period  was  much  greater  than  during  the  second.  It 
is  significant  that  a  study  by  the  State  Board  of  Health  of  each  case 
of  the  disease  resulting  in  death,  during  the  years  from  1894  to  1896, 
and  in  1898,  showed  that  during  the  first  year  in  question,  12  persons, 
representing  50%"  of  the  deaths  from  the  disease  in  the  city,  were 
known  to  have  used  for  drinking  purposes  the  polluted  canal  water;  in 
1895,  9  persons,  or  56 V;  in  1896,  2  persons,  or  20%",  and  in  1898,  1  person 

*  Extended  reference  to  the  pi-evalence  of  typhoid  fever  in  Lawrence  as  compared 
with  other  cities  of  Massachusetts,  and  the  early  decrease  in  death  rate  due  to  the  intro- 
duction of  tillered  water,  may  be  found  in  the  papers  by  Mr.  Hirara  F.  Mills,  Chairman 
of  the  Committee  on  Water  Supply  and  Sewerage  of  the  Massachusetts  State  Board  of 
Health,  published  in  the  Annual  Reports  of  the  Board,  as  follows:  "  Typhoid  Fever  in  its 
Relation  to  Water  Supplies,"  Annual  Report,  1890,  pp.  525-543;  "  The  Filter  of  the  Water 
Supply  of  the  City  of  Lawrence  and  its  Results,"  Annual  Report,  1893,  pp.  545-560. 
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only,  of  the  total   number  dying  from  the  disease  was  known  to  have 
used  canal  water  for  drinking. 

TABLE  No.  21. — Repoeted  Cases  or  Typhoid  Fever  and  the  Deaths 
Resulting  Thereekom  in  Lawrence,  Before  and  After  the 
Introduction  of  a  Filtered  Water  Supply. 


Number  of  Cases. 


Total  re- 
ported.* 


Per  10  000 
popula- 
tion, t 


Number  of  Deaths. 


Per  10  000 
popula- 


Percentage 
of  cases 
resulting: 
in  death. 


Typhoid 
fever  death 
rate  for 
State  of 
Massachu- 
setts. 


Six  Years  Prior  to  Construction. 


1887                

134 
208 
217 
193 
207 
172 

50 
51 
43 
45 
36 

47 
48 
55 
60 
55 
50 

11.7 
11.6 
12.8 
13.4 
11.9 
10.6 

35 
23 
25 
31 

27 
29 

til 

1888 

1889 

1890      

3.7§ 
3.6§ 
3.5§ 

1891 

1892 

Average i         188 

43 

53 

12.0 

28 

4.0 

Six  Years  Following  Construction. 


1894 

92 
79 
42 
72 
85 
135 

18 
15 
8 
13 
15 

24 
16 
10 
9 
8 
20 

4.8 
3.1 
1.9 
1.6 
1.4 
3.3 

26 
20 
24 
12 
9 
15 

3.1§ 
2.7§ 

1895 

1896        

1897 

1898 

1899 

2.311 

84 

55 

141 
76 

15 

65 

29 
12 

14 

72 

39t 
11 

2.6 

78 

8.0 
1.7 

18 

28 
16 

2  6 

Percentage  re- 
duction  

1893-year  of 
construction  .. 

1900 

3.1§ 

*  Compiled  from  Lawrence  and  Massachusetts  Board  of  Health  Reports  and  other 
sources. 

t  Population  for  years  intermediate  between  census  enumerations  have  been  interpo- 
lated. 

t  Thirty  three  of  this  number  occurred  during  the  first  eight  months  before  the 
introduction  of  filtered  water  in  September. 
.     §  Compiled  from  Massachusetts  State  Board  of  Health  Report  for  1898,  p.  807. 

11  Compiled  from  Massachusetts  State  Board  of  Health  Report  for  1899,  p.  726. 

In  order  to  prevent  the  further  use  of  the  canal  water,  the  drinking 
of  which  had  long  been  customary  among  the  operatives  of  the  various 
factories,  notices  of  warning  were  posted,  after  the  introduction  of  the 
filtered  water  supply,  at  all  places  where  this  polluted  water  was  avail- 
able. It  is  believed,  however,  that  a  considerable  length  of  time  was 
required  to  bring  about  among  the  laboring  people  a  clear  understand- 
ing of  the  actual  danger  involved  in  drinking  the  unpurified  water. 

The  average  death  rate  from  typhoid  fever  in  the  State  of  Massa- 
chusetts during  the  groups  of  years  considered  in  the  table,  shows  that 
the   mortality  from    this   cause  has  been  decreased  35  per  cent.     The 
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apparent  decrease  for  Lawrence  alone  was  78%^;  but  deducting  the 
possible  eifects,  as  indicated  by  tlie  figure  above,  of  improved  sanitary 
conditions,  including  the  general  introduction  of  public  water  sup- 
plies, and  of  better  methods  of  medical  treatment,  the  actual  benefit 
derived  from  the  use  of  filtered  water  may  perhaps  be  fairly  repre- 
sented by  the  ijrevention  of  the  deaths  of  40  persons  out  of  every  100 
dying  from  tyi^hoid  fever  in  Lawrence  during  the  six  years  prior  to 
the  construction  of  the  filter. 

Acknowledgment. — In  conclusion,  the  writers  wish  to  extend  thanks 
to  their  many  friends  who  have  aided  in  various  ways  to  make  this 
description  and  the  data  contained  therein  exact  and  truthful.  They 
desire  to  express  their  obligations  to  Mr.  A.  D.  Marble,  City  Engineer 
of  Lawrence,  for  the  preparation  of  a  plan  showing  the  location  and 
layout  of  the  filter  and  the  territory  in  its  immediate  neighborhood. 
To  Mr.  E.-A.  Hale,  M.  Am.  Soc.  C.  E. ,  of  the  Essex  Company,  and  to 
the  ofiicials  of  the  various  Municipal  Departments,  including  the 
Board  of  Health,  and  in  particular  to  the  Water  Board  and  its  Super- 
intendent, Mr.  A.  H.  Salisbury,*  the  writers  are  indebted  for  much 
valuable  information.  Especial  gratitude  is  due  Mr.  M.  F.  Collins, 
care-taker  of  the  filter,  who,  through  his  great  interest  in  this  study, 
has  willingly  furnished  all  the  data  and  statistics  at  his  command. 

Fui-ther  than  this  the  writers  desire  to  express  their  acknowledg- 
ment to  the  Massachusetts  State  Board  of  Health,  the  results  of  whose 
careful  and  comprehensive  studies  have  been  published  in  their  annual 
rej)orts  in  such  detail  as  to  make  the  work  of  compilation  satisfactory 
and  not  difficult.  To  the  designer  of  the  filter,  Mr.  Hiram  F.  Mills, 
Chairman  of  the  Committee  on  Water  Supply  and  Sewerage,  of  the 
Board,  the  writers  wish  to  express  their  obligations  for  friendly  advice 
and  counsel. 

t  Died  July  5th,  1901. 
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DISCUSSION. 


Allen  Hazen,  M.  Am.  Soc.  C.  E. — Perhaps  no  point  in  this  paper  Mr.  Hazen. 
is  of  more  general  interest  than  the  statement  in  regard  to  the  rapid 
increase  in  pollution  of  the  river  water.  The  authors  refer  to  the 
amount  of  sewage  entering  the  river  during  the  years  from  1887  to 
1890  as  about  1  gall,  in  600  of  the  water  passing  Lawrence,  which 
had  increased,  as  they  estimate,  to  1  in  200  for  the  year  1900,  or  a 
threefold  increase  in  eleven  or  twelve  years. 

At  first,  this  estimate  of  the  increase  would  seem  to  be  excessive, 
but  a  study  of  various  matters  connected  therewith  indicates  that  it  is 
approximately  right.  Table  No.  22  shows  the  total  iJopulation  upon 
the  water-shed,  computed  from  each  national  census  from  1850  to  1900, 
and  also  that  part  of  the  whole  living  in  cities  and  towns. 


TABLE  No.  22. 


-Population  on  the  Watek-Shed  of  the  IVIekkimac 
RivEB  Above  Laweence. 


Year. 

Total 
population 
upon 
water- 
shed. 

Urban: 

Cities  and 

towns  over 

4  000. 

Rural: 

Towns 

under  4  000. 

Cities  and 
towns  hav- 
ing sewers. 

Cities  and 
towns  hav- 
ing puri- 
fication 
worlis. 

Computed 
relative 

amount  of 
pollution. 

1850 

252  000 
282  000 
306  000 
.S51  000 
416  000 
4H2  000 

75  000 
101  000 
124  000 
176  000 
255  000 
318  000 

177  000 

181  000 

182  000 
175  000 
161  000 
164  000 

16  000 

1860 

19  000 

1870 

21  000 

1880 

138  000 
207  000 
312  000 

63  000 

1890 

9  000 
59  000 

1900 

250  000 

Table  No.  22  also  shows  the  population  in  towns  having  sewers  at 
the  various  dates,  as  nearly  as  the  speaker  can  obtain  the  figures,  and 
the  population  of  towns  having  sewage  purification  works.  These 
results  are  shown  graiahically  in  Fig.  4. 

For  the  purpose  of  estimating  the  relative  pollution  of  the  river  at 
the  various  periods,  the  speaker  has  attempted  to  reduce  the  sewage 
pollution  from  the  various  classes  of  ijopulation  to  an  equivalent 
pollution  from  population  connected  with  sewers  discharging  directly 
to  the  river.  In  doing  this  it  is  necessary  to  make  a  number  of  esti- 
mates which,  from  the  nature  of  the  case,  can  only  be  roughly 
approximate.  The  first  estimate  is  of  the  proi^ortion  of  the  population 
connected  with  the  sewers  in  towns  having  sewers.  Most  of  the  larger 
cities  upon  this  water-shed  introduced  water  and  constructed  sewers 
in  the  decade  ending  with  1880.  The  proportion  of  the  population 
connected  with  sewers  in  1880  was  comparatively  small.  Generally, 
the  sewers  at  first  reached  only  the  more  densely  populated  areas. 
Cesspools  were  in  common  use,  and  as  some  trouble  and  exj^ense  were 
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Hazeu.  involved  in  making  sewer  connections,  the  nse  of  cesspools  was  only 
slowly  discontinued.  The  proportion  of  the  i^oinilation  connected 
with  sewers  in  sewered  towns  has  steadily  increased  until  at  the  present 
time  most  of  it  is  so  connected. 

For  the  pnriJose  of  this  estimate  it  is  assumed  that  30%  of  the 
population  in  cities  and  towns  having  sewers  was  connected  with  the 
sewers  in  1880;  m%  in  1890,  and  90%  in  1900.  The  remainder  of  the 
population  is  assumed  to  have  the  same  polluting  effect  as  if  living  in 
unsewered  towns.  It  is  further  assumed  that  the  sewage  effluents  in 
towns  having  sewage  purification  works,  including  the  chance  of  dis- 
charge of  raw  sewage,  have  20%"  of  the  polluting  power  of  the  raw 
sewage,  and  that  the  pollution  from  the  population  in  unsewered  towns 
of  4  000  inhabitants  and  over  is  equivalent  to  the  sewage  of  one-tenth, 
and  that  from  rural  population  to  one-twentieth,  of  that  population, 
discharged  directly.  The  relative  pollution  of  the  river  at  difterent 
times,  computed  in  this  way,  is  shown  by  the  last  coh;mn  in  Table 
No.  22. 

These  results  indicate  that,  in  a  general  way,  during  the  last  three 
decades  the  pollution  of  the  river  has  doubled  every  ten  years,  or,  in 
other  words,  the  annual  increase  in  pollution  has  been  about  7%,  a 
figure  only  a  little  less  than  that  indicated  by  the  authors'  statement. 
This  result  is  confirmed  by  analyses  of  the  river  water  made  by  the 
State  Board  of  Health.  The  annual  average  free  ammonia  of  the  river 
water  above  Lawrence  is  probably,  on  the  whole,  the  best  index,  from  a 
chemical  standpoint,  of  the  amount  of  sewage  pollution.  The  figures 
have  been  as  shown  in  Table  No.  23. 

TAIiLE  No.  23. 


Annual  average 

Annual  average 

Annual  average 

free  ammonia  in 

free  ammonia  in 

free  ammonia  in 

Year. 

raw  water  at  Law- 

Year. 

raw  water  at  Law- 

Year. 

raw  water  at  Law- 

rence, in  parts  per 

rence,  in  parts  per 
100  000. 

rence,  in  parts  per 

100  000. 

100  001). 

1888. . . . 

O.0026 

1892.... 

0.0012 

1896. . . . 

0.0068 

1889.... 

0.0030 

1893.... 

0.0057 

1897. . . . 

0.0049 

1890. . . . 

0.0046 

1894.... 

0.0002 

1898.... 

0.0U50 

1891.... 

O.OOiO 

1895.... 

0.0064 

1899.... 

0.0088 

There  is  some  fluctuation  from  year  to  year,  but,  on  the  whole,  the 
increase  corresponds  substantially  to  the  rate  just  indicated.  This  is 
shown  by  Fig.  4,  in  which  the  free  ammonia  is  plotted  in  comi:)arison 
with. the  relative  pollution  as  just  computed. 

It  should  be  said,  in  justice  to  those  who  were  responsible  for  the 
introduction  of  the  raw  water  a  quarter  of  a  century  ago,  that  the 
river  water  was,  at  that  time,  from  the  present  standpoint,  compara- 
tively unpolluted;    and  it  is  not  improbable,   that,   looking  at    the 
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Mr.  Hazen.  matter  broadly,  the  introduction  of  a  public  water  supi^ly  in  its  time 
was  as  great  a  step  in  advance  as  the  construction  of  the  filter  at  a 
later  date. 

The  comparison  between  different  water- sheds,  made  by  the 
authors,  is  interesting,  but  their  figxares  need  some  revision.  Their 
estimates  of  the  growth  of  rural  population  are  too  great.  Rural 
population  in  the  Northeastern  States  has  rarely  increased  in  the  last 
thirty  years,  and  has  often  decreased.  On  the  water-shed  of  the 
Hudson,  above  Albany,  the  total  poi^ulation,  by  the  census  of  1900,  is 
only  80  per  square  mile  instead  of  93,  as  estimated  by  the  authors. 

TABLE   No.    24. — Dkainage   Areas,  and    Ueban    Populations   upon 

THEM,    OF   CeKTAIN   RiVEKS    USED   FOR   WaTEE   SUPPLIES. 


Chester,  Pa 

Philadelphia,  Pa 

Lawrence.  Mass 

Albany,  N.  Y 

Poughkeepsie,  N.  Y.. 
Schenectady,  N.  Y... 

Wilkesbarre,  Pa 

Philadelphia,  Pa 

Louisville,  Ky 

Evans ville,  Ky 

Harrisburg,  Pa 

Paterson,  N.  J 

Cincinnati,  Ohio 

Pittsburg,  Pa 

Trenton,  N.  J 

Troy,  N.  Y 

Toledo,  Ohio 

Pittsburg,  Pa 

Elmira.  N.  Y 

Grand  Rapids,  Mich. , 

Quincy,  lil  

Davenport,  la 

Washington,  D.  C 

Dubuque,  la 

New  Orleans,  La 

St.  Louis,  Mo 

Binghamton,  N.  Y. . . 
Chattanooga,  Tenn . . 

Knoxville,  Tenn 

Richmond,  Va 

Kansas  City,  Mo 

Little  Rock,  Ark 

St.  Joseph,  Mo 

Minneapolis,  Minn 

Omaha,  Neb 


Delaware 

Schuylkill.... 

Merrimac 

Hudson 

Hudson 

Mohawk 

Susquehanna 

Delaware 

Ohio 

Ohio 

Susquehanna 

Passaic 

Ohio 

Monongahela 

Delaware 

Hudson 

Maumee 

Allegheny 

Chemung 

Grand " 

Mississippi. . . 
Mississippi . . . 

Potomac 

Mississippi... 
Mississippi. . . 
Mississippi. . . 
N.  Br.  Susq.. 

Tennessee 

Tennessee 

James 

Missouri 

Arkansas..  .., 

Missouri 

Mississippi. . . , 
Missouri 


Drainage 

Urban  popula- 
tion upon  drain- 
age area  above 
intake,  1900. 

Population 

miles. 

perscjuare 

10  450 

1  810  029 

173 

1  915 

186  682 

98 

4  634 

317  869 

69 

8  240 

376  001 

46 

11  600 

531  687 

46 

3  400 

142  208 

42 

9  850 

315  371 

32 

8  186 

242  788 

30 

91  000 

2  303  305 

25 

107  000 

2  560  853 

24 

24  0.30 

584  672 

24 

773 

17  205 

72  400 

1  .572  527 

22 

7  600 

156  412 

21 

6  916 

145  707 

21 

4  570 

85  864 

19 

6  723 

112  470 

17 

11  400 

182  332 

16 

2  107 

27  973 

13 

4  800 

46  874 

10 

135  000 

1  146  173 

8 

87  842 

670  274 

8 

11  476 

79  563 

7 

81  322 

583  884 

7 

1  261  084 

9  162  139 

7 

700  663 

4  393  016 

6 

2  279 

14  780 

6 

21  418 

61  826 

3 

9  530 

29  189 

3 

6  800 

18  891 

3 

426  893 

653  667 

2 

157  466 

285  507 

2 

426  000 

501  902 

1 

19  585 

21  961 

1 

322  500 

87  554 

0.3 

Table  No.  24  shows  the  drainage  area  of  rivers  at  points  where 
they  are  used  for  jaublic  water  supplies  by  some  of  the  larger  cities  in 
the  United  States,  and  the  urban  populations  upon  these  water-sheds, 
including  all  cities  and  towns  of  more  than  4  000  inhabitants,  by  the 
census  of  1900. 


DISCUSSION    ON    LAWRENCE,    MASS.,    FILTER.  313 


100 
50 

r-'  "^^ 

1                                      "^ 

^ 

^ 

^ 

m 

^ 

,       i 

100 
50 

> 

■i 
^E^ 

VA 

RIa 

^P 

equ 

annoc 

k_\ 

k-at 

er_ 

m 

■ 

■ 

^ 

f 

■ 

■ 

■ 

■ 

" 

H 

_ 

M 

■1 



1 

Gr 

)tG 

i-¥ 

tat 

sr— 

" 

&0 

lioo 

NE^ 

V^ 

^01 

IK 

(M 

any 

attan 

am 

B 

ron 

X) 

^__ 

1 

^> 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

— 

K 

M 

AS 

SACHUSETTS 

^50 

.^^^i|^^ 

^          "^                   ^^^ 

■    ^ 

■"^ 

^ 

^ 

^ 

1     1 

^^^ 

'           •           '                                                                               ,            ,            : 

"g" 

n- 

— 

, 

1 

'a 
^100 

1 

iVELli 

ou 

!ui= 

VVa 

ter 

^  50 

2 

r    ^*^ 

A 

feL 

■                                       -                                                       -^ 

^ 

^ 

^ 

cS 

1       ''      1      1      1      1      1       1       1 

! 







Q 

100 
50 

L 

S.WREX( 

. 

— F41tered-\\ 

at^ 

-1— 

F'  "^^     ^r  '^^■r 

t 

. 

^ 

^ 

^ 

100 
50 

m 

■ 

L 

ALBANY 

Filtei 

k 

^•i*< 

r    ^^ 

L 

^ 

^^ 

W^ 

- 

^ 

'                                                               1       1      1       1      1 

P1TTSI5UKG 

! 

18 

76 

18 

80 

18 

85 

18 

90 

18 

95 

m 

TYPHOID  FEVtR  DEATH  RATES  AND  WATER  SUPPLIES. 
Fig.  5. 


314 


DISCUSSION    ON    LAWKENCE,    MASS.,    FILTER. 


Mr.  Hazen.  The  urban  population  upon  a  water-slied  is  one  of  the  most  useful 
indications  of  the  relative  pollution  of  the  water;  but  it  must  be 
remembered  that  there  are  many  other  considerations,  such  as  velocity 
of  flow,  and  amount  of  precipitation  and  evaporation,  which  must  be 
taken  into  account;  and  if  this  could  be  accurately  done,  the  order  of 
the  cities  in  this  table  might  be  very  greatly  changed.  Rural  popula- 
tion on  a  water-shed  is  a  much  less  important  source  of  pollution 
than  urban  population. 

The  cost  of  operation  of  the  Lawrence  filter  seems  excessive,  when 
compared  with  figures  for  plants  built  in  sections  and  more  con- 
veniently arranged  for  economical  operation.  It  should  not  be  for- 
gotten, however,  that  this  was  accompanied  by  very  low  cost  of 
construction;  and  when  reasonable  interest  and  sinking  fund  charges 
are  taken  into  account,  the  total  cost  is  quite  moderate.  The  absence 
of  preliminary  pumping  is  an  important  element  in  this  result.  The 
results  at  Lawrence  and  at  Albany  may  be  compared,  for  instance, 
with  an  allowance  of  5j^  for  interest  and  sinking  fund  charges,  and, 
using  round  figures,  are  shown  in  Table  No.  25. 

TABLE  No.  25. 


Cost  of  plant 

Quantity  of  water  per  annum,  million  gallon 

Cost  of  operation  per  million  gallons 

Cost  of  operation  per  annum 

Interest  and  sinking  fund  charges,  5^ 

Total  cost  per  annum 

Cost  per  million  gallons 


$70  000 

1210 

$7.70 

S9  350 

3  500 

12  850 

10.64 


Albany. 


$500  000 

4  400 

$4.75 

$20  900 

25  (100 

45  900 

10.43 


These  figures  indicate  that  the  total  cost  of  filtered  water  delivered 
in  the  pump-well,  including  all  preliminary  exjDenses,  is  substantially 
the  same  at  Lawrence  and  at  Albany. 

The  most  striking  result  of  the  Lawrence  filter  has  been  the  reduc- 
tion in  the  city's  typhoid  fever  death  rate.  In  Fig.  5  this  death  rate 
is  plotted  from  1878  to  1900.  For  comparison,  corresponding  death 
rates  for  Newark,  New  York  City  (Manhattan  and  Bronx),  State  of 
Massachusetts,  Lowell,  Albany  and  Pittsburg  are  shown  for  as  many 
years  as  data  are  available. 

Under  each  death-rate  plotting  there  is  a  band  indicating  the  char- 
acter of  the  water  supply.  Uu purified  river  water  is  indicated  by  a 
black  band.  Uni)olluted  or  purified  water  by  a  light  band.  Under 
Massachusetts,  the  proportion  of  black  in  the  band  shows  approxi- 
mately the  23roportion  of  the  total  population  in  towns  not  having 
public  water  supjjlies,  as  Dr.  S.  W.  Abbott,  Secretary  of  the  State 
Board   of  Health,  has  shown  that  in  the  whole  State  the  amount  of 
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typhoid   fever  has  decreased  in  substantially  the  same  ratio  as  this  Mr.  Hazen. 
part  of  the  population. 

The  conditions  in  Lowell  have  been,  in  many  respects,  similar  to 
those  in  Lawrence.  Lowell  is  eight  miles  above  Lawrence  on  the 
Merrimac  River.  Both  cities  used  the  Merrimac  River  water,  while 
the  other  cities  on  the  river  did  not.  When  the  river  water  was  first 
introduced  the  tyjjhoid  fever  death  rates  decreased,  indicating  prob- 
ably that  the  river  water  was,  at  that  time,  on  an  average,  less  poison- 
ous than  the  w-ells  which  it  superseded.  Afterward,  with  the  rapidly 
increasing  pollution,  the  typhoid  fever  rates  increased  in  both  Lowell 
and  Lawrence,  until  about  1890,  when  they  became  so  high  as  to  attract 
serious  attention;  with  the  result  that  the  conclusion  was  reached  that 
the  river  water  was  responsible  for  a  large  number  of  the  deaths  from 
typhoid  fever;  and  measures  were  taken  for  improving  or  changing 
the  supplies. 

In  Lawrence  the  city  filter  was  constructed.  In  Lowell  an  under- 
ground source  of  sujjply  was  secured.  At  Lawrence  the  change  was 
made  in  September,  1893,  while  at  Lowell  it  extended  over  three  years, 
from  1893  to  1896,  as  shown  by  Fig.  5.  The  reductions  in  the  death 
rates  in  both  cities  were  very  marked.  In  Lawrence  the  reduction 
was  more  abrupt  than  in  Lowell,  corresponding  to  the  way  in  which 
the  supply  was  changed.  Both  cities  now  have  substantially  the  same 
typhoid  fever  death  rates,  which  rates  are  slightly  lower  than  the 
average  for  the  State. 

In  both  cases  the  reduction  in  the  typhoid  rate  seems  to  have  com- 
menced a  little  before  the  change  in  the  water  supply.  The  same 
thing  has  also  been  observed  in  other  cases,  and  has  been  taken  by 
many  as  an  indication  that  the  change  in  the  supply  was  only  respon- 
sible for  a  part  of  the  reduction,  and  that  much  of  the  improvement 
would  have  been  realized  even  though  no  change  had  been  made  in 
the  water  supply. 

In  the  cases  of  Lowell  and  Lawrence,  at  least,  the  speaker  thinks 
there  is  nothing  to  bear  out  such  an  assumption.  Prior  to  1890  the 
typhoid  fever  rates  in  both  cities  had  increased  rapidly,  notwithstand- 
ing the  improvements  in  the  methods  of  treating  the  disease,  and  in 
the  general  sanitary  conditions,  to  which  the  authors  refer.  The  pollu- 
tion of  the  river  water  was  increasing  rapidly,  and,  had  no  change 
been  made  in  the  water  supi^lies,  there  is  every  reason  to  believe  that, 
notwithstanding  the  continued  imiH-ovements  in  the  directions  men- 
tioned, the  typhoid  fever  death  rates  would  have  increased,  and  would 
have  been  greater  at  the  present  time  than  ten  years  ago. 

How,  then,  shall  we  account  for  the  reduction  just  before  the  intro- 
duction of  the  new  water?  There  may  be  various  reasons,  but  two 
circumstances  at  least  deserve  consideration.  In  the  first  place,  the 
typhoid  fever  death  rate  fluctuates  from  year  to  year.     The  conditions 
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Mr.  Hazen.  which  control  the  dissemination  of  the  disease  by  water  are  compli- 
cated and  change  with  conditions  of  weather,  stream  flow,  etc.  Gen- 
erally, the  highest  rates  occur  at  intervals  of  several  years,  between 
which  lower  rates  are  observed.  An  unnsnal  increase  in  typhoid  fever 
attracts  attention,  excites  public  interest,  and  results  in  the  determi- 
nation to  get  a  new  source  of  water  supply.  The  new  supply  is  gener- 
ally introduced  a  few  years  later,  when,  in  the  natural  course  of  events, 
there  has  been  a  decline  in  the  typhoid  fever  death  rate  from  the 
summit,  and  before  the  inevitable  increase  to  another  summit  has 
begun.  A  second  reason  for  the  decline  prior  to  the  introduction  of 
the  new  water  is  that  the  official  recognition  of  the  injurious  character 
of  the  water,  which  is  involved  in  the  determination  to  secure  another 
source  of  supply,  makes  the  inhabitants  more  careful  in  the  use  of  the 
existing  supply,  and  in  this  way  tends  to  reduce  its  effect  upon  the 
death  rate. 

The  reductions  at  Lawrence  and  Lowell  for  the  years  1890  to  1892 
were  hardly  more  striking  than  corresponding  reductions  at  Albany 
and  Pittsburg,  shown  in  Fig  5;  but  there  is  this  difference,  that  at 
Lawrence  and  Lowell,  with  a  new  water  sujiijly,  the  reduction  continued 
at  an  accelerated  rate,  while  at  Albany  and  Pittsburg  the  reduction 
did  not  continue,  but  on  the  contrary,  rates  have  since  occurred  as 
high  or  higher  than  those  previously  experienced.  In  speaking  of 
Albany,  reference  is  made  only  to  the  period  prior  to  the  introduction 
of  filtered  water.  Since  that  time,  the  death  rate  has  been  much 
lower. 

An  interesting  comparison  is  furnished  by  Newark,  which  intro- 
duced in  1892  a  gravity  supply  from  unijolluted  sources  in  place  of 
the  Passaic  River  water  previously  used.  The  rediiction  in  the 
typhoid  death  rate  at  Newark  was  almost  as  striking  as  at  Lawrence 
and  Lowell. 

In  view  of  the  foregoing,  the  speaker  believes  that  the  authors'  esti- 
mate of  the  amount  of  reduction  due  to  the  construction  of  the 
filter  is  far  below  the  truth;  and  that  in  case  the  water  supplies  of 
Lowell  and  Lawrence  had  remained  as  they  were  in  1890,  the  death 
rates  would  have  increased  instead  of  decreasing  as  they  have  done. 
The  introduction  of  a  new  water  supply  in  each  case  resulted  in  a 
radical  reduction  in  the  typhoid  fever  death  rate,  and  the  reduction  at 
Lawrence,  where  filtered  water  from  a  very  highly  polhited  source  was 
used,  was  quite  as  great,  and  the  subsequent  death  rate  has  been  as 
low,  as  at  Lowell,  where  the  new  supply  was  a  ground- water,  which 
can  hardly  be  supposed  to  carry  any  germs  of  disease,  and  as  at 
Newark,  where  the  new  supply  is  from  unpolluted  sources. 

While  the  most  striking  reduction  in  the  death  rate  following  the 
use  of  filtered  water  was  in  typhoid  fever,  the  general  death  rate 
showed  a  very  considerable  reduction.     Table  No.  26  shows  the  death 
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rate  per  thousand  living  for  the  seven  years  that  the  filter  has  been  in  jir.  Hazen. 
operation,  together  with  the  corresponding  rates  for  three  preceding 
periods  of  seven  years  each. 

TABLE  No.  26. — Death  Rates  in  Lawrence  by  Seven-Year  Periods, 
1873  TO  1900. 


Total 

Total 

Total 

Total 

Year. 

deaths 

Year. 

deaths 

Year. 

deaths 

Year. 

deaths 

per  1 000. 

1880 

per  1  000. 

per  1000. 

per  1 000. 

1873 

20.6 

21.7 

1887 

22  5 

1894 

19.0 

1874 

21.7 

1881 

20.4 

1888 

19.1 

1895 

20.3 

1875 

26.0 

1882 

23.3 

25.7 

1896 

20.3 

1876 

22.3 

1883 

21.8 

1890 

26.6 

1897 

20.6 

1877 

22  7 

1884 

22.9 

1891 

24.5 

1898 

19.7 

1878 

22.2 

1885 

19.9 

1892 

26.2 

1899 

20.5 

1879 

20.8 

1886 

20.0 

1893 

24.2 

1900 

20.0 

Average.. 

^.   .| 

21.3 

24.1         1 

The  reduction  in  the  general  death  rate  in  the  last  seven  years,  as 
compared  with  the  seven  preceding  years,  is  several  times  as  large  as 
the  reduction  in  the  typhoid  fever  death  rate,  and  perhaps  indicates 
the  eflect  of  the  qiiality  of  the  water  on  other  diseases.  The  question 
as  to  how  far  this  is  due  to  the  water  suj^ply,  and  how  far  to  improved 
general  sanitary  conditions,  may  be  projierly  raised;  but  the  very  de- 
cided reduction  at  the  time  of  the  introduction  of  the  filter,  and  the 
steadiness  with  which  the  rate  has  continued  on  a  lower  level  since, 
seem  to  indicate  that  the  water  suiDjily  had  something  to  do  with  the 
reduction,  and  that  the  coincidence  was  not  accidental. 

There  is  a  particularly  interesting  history  connected  with  this 
filter,  which,  unfortunately,  is  not  included  in  the  j^aper.  This  history 
relates  to  repairs  made  to  the  uuderdrainage  system  in  1898.  These 
repairs  were  made  necessary  because  there  was  no  water-tight  bottom 
to  the  filter,  and  a  certain  amount  of  ground-water  entered  from 
below,  and  this  ground-water  carried  iron,  and  where  the  iron-contain- 
ing ground- water  came  in  contact  with  air,  or  aerated  water,  conditions 
were  formed  which  allowed  the  growth  of  a  jjlant  called  Grenothrix. 
The  gi-owth  of  Grenothrix  took  place  about  and  in  the  underdrains, 
and  gradually  closed  them.  It  became  evident  that  unless  something- 
was  done,  a  sufficient  supply  of  water  could  not  be  secured.  To  correct 
this  it  became  necessary  to  dig  up  and  reconstruct  the  drainage  system. 
As  the  filter  is  all  in  one  unit,  the  work  had  to  be  done  during  the  short 
intervals  when  the  filter  was  drained:  and  it  is  jjerhaps  not  surprising 
that,  owing  to  the  disturbance,  the  bacterial  efiiciency  fell  consider- 
ably, namely  to  'dlJ%  for  November,  and  to  S)4,.'ii%  for  December, 
1898,  after  which  the  efficiency  rapidly  regained  its  ordinary  standard. 
This  decreased  efficiency  was  followed  early  in  1899  by  a  very  con- 
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Hazen.  siderable  increase  in  the  number  of  cases  of  typhoid  fever  in  the  city, 
and  the  deaths  from  this  cause  for  the  year  were  about  double,  or  ten 
more  than  the  average  for  the  years  before  and  after. 

On  the  face  of  it,  and  in  the  absence  of  other  explanation,  it  seems 
probable  that  this  increase  in  the  typhoid  fever  death  rate  was  the 
price  which  the  City  of  Lawrence  i^aid  for  repairing  the  filter  while 
maintaining  the  supply  from  it;  and  the  speaker  thinks  that  this 
experience  may  teach  one  of  the  most  useful  lessons  to  be  found  in  the 
history  of  the  Lawrence  filter.  It  shows,  as  a  number  of  corresjjond- 
ing  experiences  in  Europe  showed  many  years  ago,  that  a  very  slight 
falling  off  in  the  efficiency  of  filtration  may  affect  to  a  considerable 
extent  the  health  of  the  people  using  the  water;  and  that  the  death 
rate  of  the  city  is  decidedly  a  function  of  the  number  of  bacteria 
remaining  in  the  filtered  water,  even  though  that  number  is  compara- 
tively small. 

The  question  may  be  raised  as  to  whether  even  the  best  possible 
filtration  removes  all  the  tyjihoid  germs  from  the  water,  and  whether 
some  of  the  remaining  typhoid  fever  in  the  city  is  not  caused  by  the 
filtered  water,  even  under  the  most  perfect  conditions.  Present  evi- 
dence is  certainly  not  conclusive  on  this  point.  The  most  that  can  be 
said  is  that  such  a  reduction  in  the  number  of  bactei-ia  as  is  caused  by 
the  best  filtration  reduces  very  largely  the  death  rate  from  ty^jhoid  fever 
among  the  users  of  the  water;  and  that  water  so  filtered,  even  though 
taken  from  much-polluted  sources,  compares  favorably  from  a  hygienic 
standpoint  with  the  best  water  supplies  otherwise  obtained.  No 
certain  evidence  can  be  produced  that  typhoid  fever  is  caused  by 
waters  filtered  by  what  may  be  considered  the  best  methods,  nor, 
from  the  nature  of  the  case,  can  evidence  be  produced  that  no  typhoid 
fever  is  caused  by  them;  but  it  is  known  that  if  any  is  caused,  the 
amount  must  be  extremely  small. 

This  experience  at  Lawrence  should  warn  iis  that  it  is  not  safe  to 
regard  as  unimportant  the  numbers  of  bacteria  passing  a  filter,  and  to 
regard  one  percentage  of  removal  as  good  as  another  as  long  as  all 
the  percentages  are  above  some  arbitrary  limit;  and  in  the  present 
state  of  the  art  the  speaker  thinks  that  we  should  not  be  content  with 
anything  less  than  the  highest  bacterial  efficiency  which  can  be 
obtained  by  any  practicable  means. 

The  authors'  statement  that  the  filter  was  constructed  according  to 
plans  and  directions  given  by  the  State  Board  of  Health  is,  the  speaker 
believes,  not  strictly  correct.  The  plans  were  not  furnished  by  the 
Board,  but  by  Mr.  Hiram  F.  Mills,  a  member  of  the  Board,  who  acted 
in  this  connection  entirely  as  a  public-spirited  citizen,  and  not  oflS- 
cially.  Mr.  Mills  gave  his  services  to  the  city  and  received  no  com- 
pensation for  them. 

Mr.    Mills'  i^ersonal  interest  in  the  filter  should  not  go  without 
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notice.  He  was  Chief  Engineer  of  the  Essex  Company.  The  Essex  air.  Hazen. 
Comi^any  had  created  Lawrence,  and  was,  perhaps,  more  directly  inter- 
ested in  its  welfare  than  any  other  corporation  or  individual.  It  is 
hardly  i:)ossible  to  sj^eak  too  highly  of  Mr.  Mills'  interest  in  the  city, 
and  in  securing  for  it  that  which  was  best.  The  speaker  does  not 
overstate  the  case  in  saying  that  the  construction  of  the  Lawrence 
filter  was  solely  due  to  the  untiring  and  well-directed  efforts  of  Mi-. 
Mills,  who  met  and  overcame  all  the  objections  which  were  raised  to 
it,  and  carried  the  i^roject  through  successfully. 

The  Lawrence  filter  has  resulted  in  saving  many  hundred  lives  and 
preventing  thousands  of  cases  of  sickness.  Its  original  purpose  has 
been  sj^lendidly  achieved,  and  all  the  expenditures  involved  would 
have  been  fully  justified  even  though  they  had  been  many  times 
greater  than  they  have  been.  The  lessons  that  can  be  learned  from 
its  history  are  many;  but,  perhaps,  none  is  more  important  than 
the  courageous  application  of  principles  deduced  from  careful  exjaeri- 
ment  and  well-founded  theory,  but  not  yet  substantiated  by  j^ractice. 

The  Lawrence  filter  was  in  a  large  sense  the  beginning  of  water 
purification  in  America.  This  is  particularly  true  when  the  matter  is 
considered  from  a  hygienic  standpoint.  A  few  filter  plants  had  been 
built  in  America  before  the  Lawrence  filter,  but  these  earlier  j^lants 
had  been  directed  largely  or  principally  toward  improving  the  physi- 
cal character  of  the  water.  At  Lawrence,  for  the  fii'st  time,  a  filter 
was  constructed  with  the  deliberate  purpose  of  reducing  the  death 
rate.  The  success  that  was  achieved  in  accomplishing  this  result 
attracted  the  attention  of  the  whole  country,  and  was  of  the  greatest 
service  in  directing  attention  and  energy  to  a  most  important  subject, 
which  up  to  that  time  had  not  received  the  attention  which  it 
deserved. 

RoBEET  Spueb  Weston,*  Esq.  (by  letter). — The  authors  have  cer-  Mr.  Weston, 
tainly  done  much  to  advance  the  knowledge  of  the  subject  of  water 
purification  by  this  complete  compilation  of  data  connected  with  the 
Lawrence  filter,  the  classic  of  its  type,  in  America. 

The  educational  value  of  this  paper  must  be  very  high,  as  the 
authors  have  faithfully  recorded  the  various  steps  which  have  been 
taken  since  the  inception  of  the  work  and  in  the  direction  of  better 
and  more  economical  oijeration. 

The  paper  has  a  value  in  helping  us  to  realize  how  much  sanitary 
science  owes  to  Mr.  Hiram  E.  Mills  and  his  associates  who  gave  freely 
of  their  time  and  knowledge,  in  sinte  of  local  distrust,  and,  on  a  small 
approjiriation,  built  a  filter  which  has  stood  so  well  the  test  of  over 
seven  years  of  daily  operation. 

The  authors  have  treated  their  subject  so  carefully  and  so  judicially 
that  there  is  little  to  be  said  in  criticism. 

*  Resideut  Expert,  Water  Purification  Station,  New  Orleans,  La. 
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Mr.  Weston.        They  have   brought   out,  among    others,  the  following  important 
points: 

a.  The  efficiency  of  the  filter,  as  made  evident  by  the  iuij^roved 
health  of  the  community. 

b.  The  permanency  of  the  results  obtained. 

c.  The  trouble  due  to  entrainment  of  air,  caused  by  filling  the  filter 
rapidly  from  above. 

d.  The  efficiency  of  continuous,  as  compared  with  intermittent, 
filtration. 

e.  The  lack  of  economy  shown  in  not  building  covered  filters  and 
in  not  eqiiipping  the  plant  better  generally. 

/.  The  economies  effected  in  the  cost  of  scraping,  sand  washing, 
etc. 

They  have  also  succeeded  in  bringing  to  light  many  useful  and 
hitherto  inaccessible  data  as  to  cost. 

The  writer  would  like  to  ask  whether  or  not  there  were  any  diffi- 
culties experienced  on  account  of  the  character  of  the  bottom  of 
the  filter,  which,  he  has  always  understood,  was  not  made  absolutely 
water-tight? 

The  average  total  hardness  of  the  Potomac  water,  as  determined  by 
the  writer,  is  93  parts  jaer  million;  this  figure  might  fill  the  blank  in 
Table  No.  3. 
Mr.  Bailey.  George  I.  Batley,  M.  Am.  Soc.  C.  E. — Students  of  water  purifica- 
tion have  long  been  in  debt  to  the  Lawrence,  Mass.,  water  filter,  for  the 
work  it  has  done,  and  to  the  Massachusetts  State  Board  of  Health  for 
making  known  the  results  obtained.  This  debt  is  now  further  increased 
by  the  very  comprehensive  and  complete  descriptions  and  details 
of  operation  and  cost  given  by  the  authors  of  this  pajoer. 

This  i3lant  does  not  now  represent  the  best  jiractice,  either  in  design 
or  in  operation,  and  the  lessons  of  what  to  avoid  are  indicated  by  the 
details  of  cost  given.     A  few  of  these  points  seem  to  be: 

1. — The  desirability  of  subdividing  the  filter  area  into  two  or  more 
imits,  of  such  size  that  one  iiuit  may  be  taken  out  of  use  for  cleaning 
or  refilling  with  sand,  without  embarrassing  the  general  operation  or 
the  water  supply. 

2. — The  desirability  of  covering  filters,  where  the  winter  temjjera- 
ture  approaches  that  at  Lawrence. 

3. — The  substitution  of  other  than  manual  labor,  where  it  is  pos- 
sible and  feasible,  to  carry  out  the  maintenance  operations. 

To  make  comparisons  along  these  lines,  in  addition  to  the  data  given 

in  this  paper,  there  are  available   the  records  of  the  Poughkeepsie 

filter,*  the  operation  expense  for  the  Mount  Vernon  filter,!  and  also 

the  operating  cost  of  the  Albany  filters. 

*  Fifth  Annual  Report  of  the  Board  of  Public  Works,  Poughkeepsie,  N.  Y.,  for  the 
year  1900. 

i  Engineering  News,  May  30th,  1901. 
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In  Talile  No.  27  these  records  are  compared  with  those  of  the  Law-  Mr.  Bailey, 
rence  filter  for  the  year  1900,  except  that  the  Albany  records  are  for 
the  sixteen  months'  operation  from  September,  1899,  to  Decen.ber  29th, 
1900. 

Table  No.  27  is  arranged  as  near  as  may  be  l)y  corresj^ouding  items. 

TABLE  No.  27. — Cost  peb  MrLLioN  Gallons  Filtebed. 


POUGHKEEPSIE. 


Scraping $1.75  Cleaning  beds.. ..  fl.31 

Sanding 1.02|  |  Washing     and 

'  Y    replacing 

1.251      sand 0.82 

0.60  Labor,    care    of 
grounds,  tools, 

etc 1.59 

1.92 0.60 

1.16 


Washing 
General . , 


Removing  ice. . 
Conveying 


Totals $7.70 


$4.; 


Mount  Vernon. 


Cleaning fl.31 

Overhaul 1.1.3 

Washing 0.75 

Miscellaneous..     0.10 

0.23 

New  sand 0.23 

14.05 


Scraping   and 
Wheeling  out. .  $0.69 

Refilling 0.33 

Washing 0  42 

Incidentals    and 

lost  time 0.23 

$1.66 


The  filters  at  the  first  three  places  are  uncovered,  at  Albany  they 
are  covered. 

The  number  of  units  in  the  plants  are,  at  Lawrence  1,  at  Pough- 
keepsie  3,  at  Mount  Vernon  3,  at  Albany  8. 

Direct  comparisons  of  these  costs  cannot  be  made,  as  each  city  has 
some  item  not  included  in  the  others,  and  the  cost  is  upon  a  diff'erent 
basis,  as  follows: 

At  Lawrence,  laborers  are  paid  $2.00  for  nine  hours'  work.  At 
Albany  and  Poughkeepsie,  the  pay  is  ^1.50  for  eight  hours'  work. 
Lawrence,  therefore,  pays  18.5^^  more  for  labor.  It  is  not  exactly 
correct  to  reduce  Lawrence's  gross  cost  by  this  amount,  but,  as  nearly 
all  the  operating  cost  is  for  labor,  in  so  reducing  it  a  comparative  basis 
is  more  nearly  obtained.  The  item  "  Conveying  "  is  for  work  not  neces- 
sary to  the  same  extent  at  the  other  plants,  and  is  probably  due  to  the 
location  of  this  individual  plant  and  not  to  filtration  generally. 

At  Poughkeepsie  1  000  cu.  yds.  of  sand  were  scraped  from  the  beds. 
Only  910  cu.  yds.  were  washed  and  replaced.  To  round  out  the  cost, 
an  additional  amount  of  !$0.07  should  be  added.  The  quantity  of 
water  used  in  washing  sand  by  their  method  is  estimated  to  be  18  to  1. 
The  cost  of  this  water  is  not  included,  and,  on  the  basis  of  their 
pumping  expenses,  ^0.10  should  be  added  for  this. 

In  Mount  Vernon  no  cost  is  added  for  wash  water.  Their  washer 
is  approximately  the  same  as  at  Lawrence  and  Albany.  This  alloAv- 
ance  should  therefore  be  about  ^0.05.  In  their  cost  no  charge  is  made 
for  maintenance  of  grounds,  that  being  charged  to  "Pumping  Station." 
Without  any  definite  information,  it  is  assumed  that  this  cost  is  ap- 
proximately $0.20  per  million  gallons.     In  their  exhibit  there  is  an 
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Mr,  BaUey.  item  of  !$0.23  for  new  sand,  which  should  be  omitted,  as  it  should  be 
charged  to  construction,  or,  if  it  is  to  make  up  for  sand  lost  in 
"washing,  it  should  be  distribiited  through  all  the  years  of  operation. 


TABLE  No.  28.- 


-Adjusted  Compakisons  of  Cost  per  Million 
Gallons  Filteeed. 


Lawrence. 

POUGHKEEPSIE. 

Mount  Vernon. 

Albany. 

Scraping 

$1.43 
0.84 
1.03 
1.57 
0.49 
0.95 

$1.31 

]0.98i. 
0.60 
1.59 

$1.31 
1.41 
0.37 
0.33 
0.30 

$0.69 

Sanding 

Washing 

Removing  ice 

General 

Conveying 

0.32 
0.42 
0.61 
0.23 

Total 

$6.30 

$4.48 

$3.63 

$2.27 

At  Albany,  the  filters  are  covered.  If  this  were  done  only  to 
prevent  ice  formation  and  ice  removal,  to  compare  with  other  plants, 
the  cost  of  the  covering,  say,  $15  001)  per  acre,  atSi^"  for  sixteen  months, 
and  this  were  divided  by  the  quantity  filtered,  the  charge  for  ice 
removal  would  be  SO.  61. 

By  recalculating  a  few  other  items,  to  reduce  them  to  a  common 
basis,  and  taking  into  accoixnt  all  of  the  foregoing,  the  ordinary  cost 
of  filtering  by  this  method  would  be  as  shown  in  Table  No.  28. 

The  basis  of  all  operation  of  sand  filters  is  the  work  done  with  the 
filtering  sand.  Its  handling,  its  scraping,  its  moving  out,  washing  and 
replacing  in  the  bed,  and  the  conveniences  and  facilities  for  handling 
the  sand,  or  the  lack  of  them,  make  up  the  cost.  It  is  interesting  to 
note  that  the  cost  of  each  of  these  plants  is  almost  directly  propor- 
tional to  the  amount  of  sand  handled,  as  is  shown  in  Table  No.  29. 


TABLE  No.  29. 


Millions 
of  gallons 
filtered. 

Sand 
handled. 
Total 
cubic 
yards. 

Sand,    in 
cubic 

yards  per 
mUlion 
gallons 
filtered. 

Propor- 
tional 

percent- 
age. 

Cost. 

Percent- 
age of 
sand. 

Actual. 

Lawrence ... 

1210. 
653.3 
679.4 

6463. 

3  000 

1000 

955* 

5  673 

2.48 
1.53 
1.41 

0.88 

24:3 
22.4 
14. 

$6.30 
4.48 
3.65 
2.27 

$6.38 
3  94 

3  63 

Albany         

2  27 

6.30 

100. 

*  New  sancl  deducted. 

The  water  at  Albany  is  more  turbid,  and  contains  more  suspended 
matter  than  at  either  Lawrence  or  Poughkeepsie,  and  it  is  jiresumed 
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more  than  at  Mount  Vernon.  Ordinarily,  this  would  involve  a  greater  Mr.  Bailey. 
cost  of  operation  at  Albany  than  at  any  of  the  other  cities.  Generally 
speaking,  the  turbidity  and  suspended  matter  in  the  water  are  the 
dominant  factors  which  control  the  selection  of  a  method  of  filtration, 
and  the  numerous  investigations  that  have  occurred,  and  are  now 
being  had,  pay  chiefest  attention  to  these  items.  If  all  waters  were 
reasonably  free  from  these  properties,  there  would  be  little  discussion 
as  to  the  method  of  filtration  to  be  used,  except  possibly  for  the 
removal  of  color. 

At  Lawrence,  Poughkeepsie  and  Albany  the  work  is  carried  on  by  a 
municipal  corporation,  with  all  the  political  influences  which  tend  to 
add  to  the  cost  of  work.  At  Mount  Vernon  it  would  be  expected  that, 
as  the  filter  is  controlled  by  a  private  company,  the  work  should  be 
more  economically  done,  and,  to  some  extent,  the  figures  bear  this  out. 

Taking  into  account  these  different  factors,  it  is  seen  that  the 
costs  at  Lawrence,  Poughkeepsie  and  Mount  Vernon  are  greater  than 
at  Albany,  although  it  might  be  expected  that  the  cost  at  Albany  would 
be  the  greatest.  Each  of  the  items  of  handling  sand  is  less  at  Albany 
than  at  the  others,  and,  in  the  speaker's  opinion,  this  is  a  clear  indica- 
tion that  the  effect  of  the  covers  is  felt  throughout  and  upon  all  opera- 
tions.    The  cost  is  greatest  at  the  j)lant  of  a  single  unit. 

A  decided  benefit  in  covering  filtei's  is  the  maintenance  of  the 
laborer's  organization.  These  men  are  paid  only  when  they  work,  and 
they  want  fairly  steady  work  or  they  will  seek  other  employment.  It 
pays  the  management  to  retain  experienced  men,  for,  as  they  become 
broken  in  to  the  work,  they  will  do  nearly  double  the  amount  done  by 
inexi^erienced  men.  With  covers  on  the  filters,  the  men  scrape  a  filter 
during  any  storm ;  therefore,  a  rainy  day  means  no  loss  of  wages.  They 
remove  the  scraped  material,  for  the  long  run  of  the  barrow,  and  its 
filling,  is  done  under  cover,  and  they  do  not  object  to  a  slight  wetting. 
In  winter  they  are  shielded  from  winds  and  storms;  the  temjjerature 
inside  the  filter  is  less  than  oiitside,  and  the  men  make  full  time,  irre- 
spective of  weather,  and  without  any  special  discomfort. 

These  benefits  of  covers  are  entirely  without  consideration  of  any 
climatic  or  thermal  conditions  regarding  the  efiiciency  of  filters. 
Such  benefits  have  been  so  often  mentioned,  that  it  is  useless  to 
mention  them  here. 

There  is  one  cost  of  filtering,  at  a  plant  having  only  one  unit,  or 
which  is  badly  subdivided,  which  does  not  show  in  the  filter  records, 
but  appears  only  in  the  pumping  cost.  Where  the  entire  filter  area  is 
of  a  size  to  yield  daily  only  the  quantity  of  water  needed,  and  it  is  all 
in  one  unit,  the  cost  of  pumping  is  increased  at  every  cleaning,  as  the 
pumps  are  necessarily  shut  down  and  the  fires  banked  or  put  out. 
The  i3ay  of  the  employees  goes  on,  but  no  work  has  been  done  for  the 
money,  and  the  only  decrease  in  cost  is  the  slight  amount  of  coal  and 
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Mr.  Bailey,  oil  saved  by  not  operating  the  piimijs.  "With  the  filter  area  subdividetl, 
and  only  one  unit  out  at  a  time,  either  the  operating  ijortiou  may  be 
forced  to  yield  the  desired  quantity  of  water,  or  else  the  only  loss,  in 
addition  to  the  lessened  quantity,  will  be  a  decreased  duty  of  the 
pumping  engines.  The  loss  in  efficiency  of  the  filter,  due  to  a  moder- 
ately increased  rate  of  flow,  will  not  be  material,  provided  proper 
judgment  and  care  is,  and  has  been,  used  in  starting  and  opei-ating  the 
beds. 

At  Albany  it  has  been  found  to  be  a  mistake  to  not  entirely  drain  a 
bed  before  cleaning.  The  water  should  be  completely  off  the  sand 
surface,  and,  in  the  slight  depressions  which  always  occur  in  the  sur- 
face, no  j)uddles  should  be  left.  With  a  dry  surface,  the  cleaning  is 
done  moi'e  quickly  and  more  thoroughly.  With  a  wet  bed,  the  men  are 
apt  to  slight  the  surface  underneath  the  water,  and  the  escape  of  the 
water  from  the  shovel  as  it  is  lifted,  carries  a  portion  of  mud  and  slime 
with  it,  which  runs  down  into  the  sand,  and  the  result  is  a  bed  which 
is  unclean  in  spots  and  which  will  cause  uneven  rates  of  filtration. 
A  bed  thus  scraped  always  makes  a  short  run  between  scrapings. 

All  the  plants  named  are  defective,  in  that  they  depend  upon 
manual  labor  for  all  handling  of  sand  between  scraping  the  bed  and 
refilling  it.  There  is  no  good  reason  why  a  movable  ejector  hopper 
should  not  be  utilized,  and,  after  the  sand  is  scraped  into  piles,  it 
should  be  shoveled  into  this  hopper,  and  thereafter  not  again  touched 
with  the  shovel  or  barrow  until  it  is  taken  away  from  the  sand  washer, 
or  deposited  upon  the  bed.  It  is  known  that  experiments  are  being 
made,  and  such  an  arrangement  will  be  incorporated  in  some  of  the 
filters  now  contemplated  or  being  designed,  and  the  effect  will  be  to 
reduce  materially  the  cost  of  operating  sand  filters. 
Mr.  Wachter.  Leonakd  M.  Wachtek,  Esq.*  (by  letter). — In  comparison  with  the 
quantities  of  water  filtered  at  Lawrence  between  successive  scrajiings, 
it  is  thought  that  the  following  facts  and  the  diagram  (Fig.  6)  show- 
ing what  has  been  done  at  Albany  under  the  conditions  met  there 
will  be  of  interest. 

The  water  of  the  Hudson  at  the  Albany  plant  is  comparatively 
clear  for,  probably,  at  least  75,^  of  the  time.  During  the  year  1900 
there  were  71  days  when  the  turbidity  was  0.100  and  over  (wire-method, 
reciprocal  scale).  Turbidity  reaching  this  figure  is  caused  by  heavy 
rainfall  over  a  large  portion  of  the  water- shed,  and  by  thaws  and 
spring  freshets.  The  suspended  matters  consist  of  silt  and,  also,  con- 
siderable clay  at  times. 

Table  No.  30  shows  the  length  of  service,  quantity  filtered  per 
acre,  and  turbidity  of  the  raw  water  for  Filter  No.  8,  from  the  start, 
July  27th,  1899,  until  May  18th,  1901. 

That  it  is  a  fair  average,  is  shown  by  the   following:    The  average 
*  Chemist  in  charge  of  Albany  Filter-Plant. 
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Mr.  Wachter.  length  of  runs  for  all  filters  up  to  December  29tli,  1900,  was  25.8  days. 
The  average  quantity  filtered  per  acre  between  scrapings  was  70  000  000 
galls.  For  the  filter  tabulated  the  average  length  of  run  was  25.9  days. 
The  average  quantity  filtered  per  acre  was  71  200  000  galls.  The  aver- 
age rate  while  in  operation  was  2  750  000  galls,  per  acre  per  twenty- 
four  hours. 

TABLE  No.  30. 


Number  of  run. 


(1)  I  (2) 

1 July  27 

2 Sept.  6 

3 Sept.  30 

4 !  Oct.  27 

5 Dec.  3 

6 Jan.  13 

7 Feb.  4 

8 1  March  14 

9 AprU  8 

10 ;  May  16 

11 June  5 

12 July  8 

13 July  27 

14 :  Aug.  28 

15 Sept.  28 

16 !  Oct.  18 

17 I  Nov.  10 

18  Dec.  17 

19 Feb.  2 

20 I  Feb.  27 

21 !  March  31 

22 April  30 


(3) 

Aug.  12 

Sept.  27 

Oct.  22 

Nov.  29 

Jan.  10 

Jan.  30 
March    9 

April  5 

May  9 

June  4 

July  4 

July  24 

Aug.  26 

Sept.  22 

Oct.  17 

Nov.  8 

Dec.  7 

Jan.  31 

Feb.  25 

March  29 

April  27 

May  18 


5« 


(4) 
15.0 
21.4 


31.5 
17.7 
29.3 
16.5 
30.2 
25.4 


27.0 
17.5 


Is 


(5) 
49.5 
60.7 
75.8 
84.2 

105.8 
47.4 
74.5 
56.3 
77.0 
43.6 
81.9 
44.2 
85.5 
68.5 
67.5 
59.9 
81.6 

124.4 
76.8 
92.9 
66.4 
41.2 


SS 

M 


$32 


3-0 4j  IS  o 


(6) 
0.120 
0.140 
0.130 
none 
0.600 
0.320 
0.900 
0.280 
0.400 
none 
none 
0.290 
none 
none 
none 
none 
0.400 
none 
none 
0.700 
0.600 
none 


C) 
1 

2 

3 

none 

16 
7 

34 

10 

18 
none 
none 

3 
none 
none 
none 
none 

11 

none 
none 

20 

21 
none 


Runs  Nos.  7,  9  and  20  (see  Fig.  6)  were  during  jaeriods  of  the 
highest  turbidity  of  quite  long  duration,  and  delivered  above  the 
average  quantities  between  cleanings,  while  Huns  Nos.  10  and  22,  fol- 
lowing periods  of  high  turbidity,  are  two  of  the  lowest  quantities 
filtered.  This  would  seem  to  show  that  the  yield  of  runs  succeeding 
periods  of  high  turbidity  is  materially  reduced,  while  the  runs  during 
periods  of  high  turbidity  are  not  noticeably  shortened.  Observations 
of  the  condition  of  the  beds  at  such  times  show  that  the  mud  pene- 
trates the  sand  in  considerable  quantities  for  a  distance  of  about  2  ins., 
and,  as  it  is  not  practicable  to  remove  this  amount  of  sand  at  one 
scraping,  it  evidently  forms  the  nucleus  for  resistance,  and  the  yield 
of  the  succeeding  run  is  reduced. 

Eun  No.  12  was  probably  reduced  by  micro-organisms  in  the  raw 
water,  as  the  time  of  the  year  was  favorable. 

Run  No.  17  was  not   completed.     It   was  necessary  to  scrape  the 
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filter  so  as  to  refill  sand  into  the  bed  to  clear  the  court  yard  before  the  Mr.  Wachter. 
advent  of  winter. 

Eun  No.  18  was  directly  after  refilling,  and  this  faqt,  with  the  ab- 
sence of  high  turbidity  and  the  favorable  season  of  the  year,  made 
this  the  largest  yield  from  any  filter. 

M.  F.  Collins,*  Esq. — Inasmuch  as  certain  criticisms  have  been  Mr.  Collins, 
made  at  various  times  in  regard  to  the  excessive  cost  of  operating  the 
Lawrence  City  filter,  as  compared  with  the  expense  of  maintenance  of 
sand  filters  at  other  places,  it  has  seemed  fair  that  the  conditions  j^ro- 
ducing  this  result  should  be  given  in  some  detail. 

The  speaker  does  not  intend  to  discuss  general  matters  of  interest, 
but  will  simply  confine  his  remarks  to  a  statement  of  some  of  the  con- 
ditions of  operation  which  have  occurred  at  Lawrence.  Some  of 
these  are  entirely  local,  and  are  due  to  the  arrangement  of  the  filter 
plant,  while  others,  such  as  non-covering  and  climate,  appear  to  exer- 
cise a  greater  influence  here  than  at  most  other  places  where  filters 
are  in  operation. 

Conditions  Due  to  Open  Surface. 

Disturbance  of  Work  by  Rain. — During  the  period  that  the  speaker 
has  been  in  charge  of  the  filter,  he  has  found  that  the  occurrence  of 
rain  storms  plays  an  important  part  in  increasing  the  cost  of  mainte- 
nance. Occasionally,  when  draining  the  filter  during  the  night,  in 
order  to  have  it  ready  for  scraping  the  next  day,  a  rain  storm  has  come 
up  and  has  efl'ectually  prevented  all  work,  the  yield  of  filtered  water 
meanwhile  being  entirely  cut  off  and  so  remaining  until  the  weather 
had  cleared  and  the  filter  had  been  scraped  and  again  placed  in 
service. 

Moreover,  it  has  sometimes  happened  that  while  scraping  the  filter 
with  a  large  working  force,  a  heavy  shower,  or  possibly  a  more  ex- 
tended rainstorm,  has  suddenly  blown  up  before  the  piles  of  scrapings 
had  been  wheeled  out.  This  has  caused  an  abandonment  of  the  work, 
the  laborers  being  retained  under  pay  with  the  expectation  of  an 
immediate  clearing  in  the  weather,  which  might  or  might  not  quickly 
happen,  causing  an  increased  cost  of  scraping.  Occasionally,  the 
necessity  of  securing  water  has  compelled  the  men  to  return  to  work, 
notwithstanding  the  rain,  if  this  is  long  continued.  This  latter  condi- 
tion is  of  itself  extravagant,  inasmuch  as  the  sand,  while  wet,  is  in  all 
ways  much  more  difficult  to  handle.  It  will  be  seen,  therefore,  that 
rainv  weather  during  times  of  scraping  necessitates  an  increased  cost 
of  this  operation. 

Necessiti/  of  Removing  Snow  and  Ice.  —When  extreme  cold  weather 
sets  in,  the  whole  area  of  the  water  surface  freezes,  oftentimes  to  depths 
of  from  8  to  12  ins.  In  order  to  scrape  a  section  of  the  filter  at  such 
*  Superintendent  of  Lawrence  Water  Department. 
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Mr.  Collins,  a  time,  the  ice,  together  with  any  snow  which  may  be  upon  it,  must 
first  be  cut  and  removed,  usually  on  the  day  before  draining.  In  cold 
weather  an  additional  coating  of  ice,  sometimes  1  in.  or  more  in  thick- 
ness, forms  before  the  filter  is  entirely  drained,  causing  an  increased 
cost  and  delay  in  scraj)ing 

Difficultij  Caused  by  Thin  Ice  on  Sand  Surface. — Alter  a  section  has 
been  made  free  from  ice,  and  draining  is  being  carried  on,  a  thin  ice 
layer  forms  iipon  the  water  surface  during  cold  weather,  and,  lowering 
with  the  water,  descends  to  the  sand  surface  and  becomes  frozen  to  it. 
Serajung  is  thus  rendered  very  difficult,  and  the  amount  of  material 
removed  is  largely  increased,  on  account  of  the  ice  and  the  necessity 
of  scrajjing  deeper.  Those  who  have  had  experience  in  cleaning  filters 
of  this  sort  can  readily  appreciate  the  trouble  from  these  conditions, 
and  the  increase  in  expense  of  scraping  caused  thereby. 

Difficulty  Caused  by  Snoxo. — During  the  winter  serious  difficulty  in 
scraping  and  conveying  is  caused  by  light  falls  of  snow.  However 
light  the  snowfall,  if  the  sand  surface  is  covered,  the  depth  to  which 
scraping  should  be  carried  on  cannot  be  gauged  as  accurately  as  in 
clear  weather,  and  it  has  been  found  by  the  speaker  that  there  is  invari- 
ably a  tend.ency  to  scrape  too  deeply  with  the  shovel.  This  circum- 
stance is  very  trying  when  every  effort  is  being  made  to  reduce  the 
cost  of  maintenance,  but  there  seems  to  be  no  method  of  preventing  it, 
inasmuch  as  laborers  require  long  experience  in  this  work  to  enable 
them  to  know  to  what  depth  to  carry  the  shovel  during  the  various 
conditions  of  scraping. 

Difficulty  Caused  by  Freezing  of  Sand  Surface. — During  the  early  and 
late  portions  of  the  winter,  even  when  the  weather  is  not  cold  enough 
to  freeze  the  water  surface  to  any  extent,  it  sometimes  is  capable  of 
producing  frost  in  the  filter  sand  after  draining  to  a  considerable 
depth.  Even  a  depth  of  freezing  not  greater  than  1  in.  causes  an 
increase  in  the  amount  of  sand  which  it  is  necessary  to  remove,  and 
consequently  an  increase  in  the  cost  of  scraping. 

Conditions  Akising  from  the  Lack  of  a  Convenient  Storage  Place 
FOR  Scraped  Sand. 

Conveying  sand  from  the  filter  is  always  an  expensive  operation, 
but  especially  so  in  winter,  on  account  of  the  lack  of  a  convenient 
place  in  which  to  store  the  scrajjed  material  after  it  has  been  removed 
from  the  bed. 

The  lower  roadway  bordering  upon  the  north  side  of  the  filter  is 
utilized  as  a  temporary  dumping  ground,  where  sand  remains  over 
night  or  until  it  can  be  removed  during  the  following  day  or  days  to 
the  permanent  place  assigned  for  dirty  sand  in  the  neighborhood  of 
the  washing  machine.  During  cold  weather  this  deposit  of  sand 
becomes  frozen,  and  extra  labor  is  required  to  break  it  up  and  get  it 
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into   condition    for   removal   to  tlie   jjermanent   dump.     This   double  Mr.  Collins, 
handling  is,  of  course,  expensive,  but  seems  to  be  necessary  under 
present  conditions,  due  to  the  peciiliar  location  of  the  filter.     With 
suitable   conveying  ajjiaaratus  the  cost   of   this  item  of  maintenance 
could  doubtless  be  reduced  in  very  large  measure. 

Conditions  due  to  the  Construction  of  the  Filter  in  One  Unit. 

In  the  last  annual  report  of  the  Lawrence  Water  Board,  for  the 
year  190(3,  the  speaker  recommended  that  two  transverse  division  walls 
be  placed  in  the  filter,  making  three  filtering  sections  of  about  equal 
area  If  this  woi-k  be  done  it  will  greatly  facilitate  the  operation  of 
the  filter,  and  thereby  lessen  the  cost  of  maintenance.  One  section 
may  be  cleaned  at  a  time,  while  the  other  two  may  be  operated  as 
usual.  With  this  construction,  the  comparatively  small  force  of  men 
now  required  for  the  routine  work  of  maintenance  would  also  be  suffi- 
cient for  the  performance  of  scraping,  which  it  has  been  shown  is  not 
now  the  case.  Moreover,  the  permanent  force  of  laborers  will  indi- 
vidually become  more  skilful  in  performing  all  the  operations  devolv- 
ing upon  it.  The  importance  of  this  last  feature  can  scarcely  be 
over-estimated.  In  the  process  of  scraping  alone  a  great  saving  can  be 
effected,  as  green  men  usually  go  from  ^  to  1  in.'  deeper  than  is  neces- 
sary in  the  process  of  scraping.  It  will  be  seen  that  the  effect  of  the 
increased  quantity  of  material  thus  removed  is  to  increase,  not  only 
the  cost  of  scraping,  but  also  of  conveying,  washing  and  sanding. 

The  si^eaker  has  thus  briefly  outlined  some  of  the  leading  obstacles 
which  occur  in  the  operation  of  open  sand  filters,  constructed  as  a 
single  unit,  in  a  climate  where  the  winters  are  variable  and  of  ten  severe. 
He  trusts  that  these  suggestions  may  be  instrumental  in  bringing  out  a 
discussion  of  similar  i^roblems  confronting  the  practical  operations  of 
other  filtration  works,  and  that  they  may  serve  to  suggest  o^jportunities 
for  improvement  in  designing  other  plants. 

George  W.  Fuller,  Assoc.  M.  Am.  Soc.  C.  E. — This  paper  is  a  wel-  Mr.  G.  W. 
come  addition  to  the  literature  upon  water  purification,  in  that  it  brings      '^i^®'^- 
together  for  ready  reference  the  leading  information  from  various  re- 
ports and  records  relative  to  the  Lawrence  filter,  and  especially  in 
that  it  places  on  record   more  comprehensive  data  concerning  the 
operation  of  the  plant  than  have  been  readily  available  hitherto. 

This  filter  holds  a  unique  position  among  municiiial  works,  and 
engages  especial  attention,  not  only  from  engineers,  but  from  workers 
and  students  in  various  sanitary  lines.  To  appreciate  fully  the  jjosi- 
tion  which  the  Lawrence  filter  occuisies,  it  is  necessary  to  consider 
with  some  care  the  conditions  which  were  associated  with  its  installa- 
tion. Looking  back  nine  years,  and  from  the  standi^oint  of  our  present 
knowledge,  it  might  seem  at  first  sight  that  there  was  nothing  remark- 
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Mr.  G.  w.  able  about  the  installation  of  a  plant  for  the  purification  of  a  munici- 
pal water  supply  amounting  to  about  3  000  000  galls,  daily. 

In  1892,  when  the  construction  of  this  plant  was  begun,  however, 
the  entire  subject  of  water  purification  was  in  a  state  much  less  clearly 
crystallized  than  at  the  present  time.  It  is  true  that  important  studies 
had  been  made  in  the  application  of  the  germ  theory  of  disease  to 
problems  in  epidemiology,  and  also  in  the  application  of  bacteriology 
to  questions  of  water  purification.  At  the  Lawrence  Experiment  Sta- 
tion, furthermore,  there  had  been  in  operation  for  some  months  a  series 
of  experimental  sand  filters  for  the  purification  of  the  Merrimac  Kiver 
water,  from  the  studies  of  which  were  discovered  some  of  the  more 
important  laws  of  filtration  under  the  conditions  which  there  existed. 

In  spite  of  all  this,  it  was  a  period  of  much  uncertainty  and  of 
many  marked  differences  of  opinion.  Comparatively  little  progress 
of  a  substantial  nature  had  been  made  for  some  time  in  the  field  of 
water  jDurification  in  Europe,  and  in  the  United  States  the  subject  had 
laid  almost  dormant  for  twenty  years,  so  far  as  the  installation  of  mu- 
nicipal plants  was  concerned.  The  technical  journals  of  Europe  had 
much  to  say  concerning  the  outbreak  of  typhoid  fever  during  the 
winter  of  1889  in  the  eastern  portion  of  the  City  of  Berlin,  where  the 
water  consumers  were  supplied  with  filtered  water  from  the  old  Stralau 
sand  filters,  which  were  operated  on  the  continuous  method.  At  Lon- 
don a  Koyal  Commission  was  engaged  in  an  investigation  of  the  future 
supi^ly  for  the  Metropolitan  District,  and  received  testimony  from 
prominent  jirofessional  men  to  the  effect  that  the  filtered  Thames  water 
should  be  abandoned  and  replaced  by  new  supplies  from  mountain 
sources.  In  a  number  of  the  larger  cities  of  Europe  vigorous  discus- 
sions were  occurring  with  regard  to  the  urgent  need  of  providing  mu- 
nicipal supplies  only  from  unpolluted  mountain  streams  or  from 
ground-water.  In  this  country  a  few  scattering  mechanical  filter  plants 
had  been  installed;  but  the  available  evidence  as  to  their  hygienic 
efficiency  was  not  favorable.  Sanitarians  were  disposed  to  give  to  fil- 
tration in  general  less  credit  than  it  really  deserved,  and  engineers 
were  sceptical  as  to  its  practicability  in  many  cases  on  the  ground  of 
its  cost. 

In  the  Merrimac  Valley  several  of  the  larger  cities,  including  Law- 
rence itself,  had  for  several  years  sutfered  severely  from  epidemics  of 
typhoid  fever.  It  will  also  be  recalled  that  late  in  the  summer  of  1892 
Asiatic  cholera  appeared  in  New  York  Harbor.  Under  these  expe- 
riences and  conditions  there  was  full  recognition  on  the  part  of  the 
Lawrence  city  government  that  cholera  might  become  established  tem- 
porarily in  the  cities  located  above  them  in  the  Merrimac  Valley,  and 
that,  if  so,  their  water  supply  must  either  be  purified  or  cut  off.  They 
acted  wisely  and  promptly  in  placing  at  the  disposal  of  the  "Water 
Board  such  sums  of    money  from  their  limited  available  means  as 
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woiald  enable  to  be  carried  out  the   recommendations  of  the  State  Mr.  G.  w. 
Board  of  Health,  whose  advice  they  had  sought. 

It  is  said  that  it  is  freq[ueatly  darkest  just  before  the  dawn,  and 
subsequent  developments  show  that  such,  in  a  measure,  was  the  case 
in  the  instance  not  only  of  the  Lawrence  water  supply,  but  of  the  entire 
subject  of  pure  water  and  of  water  purification  throughout  this  coun- 
try. It  is  difficult  to  estimate  readily  how  great  has  been  the  benefit 
which  this  filter  has  produced  outside  of  the  City  of  Lawrence.  It 
has  proved  a  stimulus  and  an  example  for  many  later  developments  in 
this  field,  and  it  has  served  as  a  basis  of  reference  for  engineers  and 
sanitarians,  not  only  in  this  country,  but  also  in  Europe.  No  matter 
how  many  filters  may  be  built  in  years  to  come,  which  are  larger  in 
capacity,  or  more  efficient  or  more  economical  in  operation,  it  is  very 
doubtful  if  any  will  succeed  in  displacing  the  Lawrence  filter  from 
the  classical  position  which  it  now  securely  holds  as  marking  the  be- 
ginning of  a  new  epoch,  and  in  fact  the  first  epoch  of  important  prac- 
tical accomplishments,  in  this  country,  in  water  j^urification. 

The  authors  of  this  paper  commence  their  description  of  the  filter 
with  the  statement  that  it  was  designed  by  Mr.  Hiram  F.  Mills,  Chair- 
man of  the  Committee  on  Water  Supply  and  Sewerage  of  the  State 
Board  of  Health  of  Massachusetts.  To  the  thought  of  the  speaker, 
this  hardly  tells  the  whole  story.  It  is  true  that  the  State  Board  of 
Health  advised  the  city  government  with  regard  to  the  adoption  of  a 
filter,  and  that  its  construction  was  commenced  under  the  general  di- 
rection of  the  Board.  Mr.  Mills,  however,  in  addition  to  his  official 
connection  with  this  project  through  the  State  Board  of  Health,  also 
served  in  his  individual  capacity  as  Consulting  Engineer  to  the  Law- 
rence Water  Board.  Without  compensation  he  designed  this  filter, 
based  in  a  large  measure  upon  the  studies  made  at  the  Lawrence  Ex- 
periment Station,  and  took  the  greatest  interest  in  the  carrying  out  of 
the  project,  even  to  the  extent  of  loaning  to  tke  city  some  of  his  own 
assistants  and  foremen  to  aid  in  the  work.  In  discussing  the  Lawrence 
filter  the  speaker  cannot  refrain  from  calling  attention  to  the  great 
debt  of  gratitude  which  is  owed  to  this  most  distinguished  engineer 
and  public-spirited  citizen,  by  the  water  consumers,  not  only  of  the 
City  of  Lawrence,  but  also  of  the  entire  country.  It  is  to  him,  more 
than  to  any  one  else,  that  credit  is  due  for  installing  and  carrying  on 
judiciously  planned  and  carefully  stiidied  investigations,  which  have 
paved  the  way  for  many  recent  improvements  in  this  branch  of  public 
service. 

One  of  the  most  characteristic  features  in  the  design  of  the  Law- 
rence filter  consists  in  the  fact  that  the  entire  filtering  surface  is 
unbroken  by  any  division  walls,  such  as  are  provided  in  practically 
every  other  municipal  filter,  in  order  that  a  portion  of  the  plant  may 
be  thrown  out  of  operation  for  cleaning  or  repairs,  while  the  remain 
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Mr.  G.  w.  ing  portion  continues  in  service.  This  arrangement  at  Lawrence  was 
made  possible  by  the  size  of  the  i)lant,  and  by  the  fact  that  the  filter 
was  to  be  operated  intermittently,  a  method  which  at  that  time  Mr. 
Mills  thought  to  be  superior  to  continuous  filtration. 

In  order  to  secure  reasonably  uniform  rates  of  filtration  through 
recently  scraped  portions  of  the  surface,  as  compared  with  the 
remainder  of  the  filter,  the  sand  and  gravel  layers  were  designed  in  a 
most  ingenious  manner,  as  is  shown  in  Fig.  2.  This  arrangement  of 
the  gravel  layers,  together  with  the  use  of  a  sand  layer  of  different 
sizes  and  of  varying  thickness,  according  to  the  distance  from  the 
collecting  pipe,  obviously  restricts  the  flow  of  water  which  would 
naturally  pass  through  the  area  of  clean  sand  surface  of  any  one  of 
the  25  sections  that  form  the  filter.  It  was  provided  in  the  design 
that  the  loss  of  head  in  this  filter  should  not  normally  exceed  about 
2  ft.,  and  that  a  jDortion  of  the  filtering  surface  should  be  scraped 
each  day,  the  area  of  that  portion  being  such  that  the  entire  surface 
would  be  scraped  about  once  a  month.  Under  these  conditions  the 
restrictions  in  the  exit  passages  for  the  filtered  water  were  designed  to 
be  such  that  it  would  be  impossible  to  secure  a  rate  of  filtration  of 
more  than  about  5  000  000  or  6  000  000  galls,  per  acre  per  24  hours 
through  a  recently-scraped  portion  of  the  filter  surface.  Further,  as 
only  about  one-twenty-fifth  of  the  entire  surface  would  be  scraped 
at  a  time,  under  ordinary  circumstances,  as  originally  j^rovided  for, 
the  comiJaratively  slight  deterioration  in  the  water  filtered  at  this 
increased  rate  would  be  very  largely  offset  by  dilution  with  the  filtered 
water  coming  under  fairly  normal  conditions  from  the  remaining 
portion  of  the  filter.  Thus,  the  filter  was  designed  to  serve  as  its 
own  controller,  within  certain  limits,  and  to  offset  by  itself  the  results 
of  differences  in  the  amount  of  sediment  deposited  upon  the  surface. 
This  feature  is  mentioned  because  it  seems  to  be  a  j^oint  which  is  not 
very  widely  appreciated. 

As  is  generally  known,  the  Lawrence  filter,  for  various  reasons,  has 
not  been  regularly  operated  in  accordance  with  the  original  instruc- 
tions, and  in  fact  during  the  winter  season  it  is  almost  impossible  to 
carry  out  exactly  the  normal  plan  of  procedure  in  the  absence  of  a 
cover.  Notwithstanding  this,  the  results  as  to  the  quality  of  the 
filtered  water  are  such  as  to  show  that  as  a  general  proposition  Mr. 
Mills'  design  is  a  successful  one  for  the  purpose  for  which  it  was 
intended.  Taking  uji  the  matter  in  specific  terms,  practically  no 
data  have  been  published  to  show  how  uniform  the  rate  of  filtration 
is  over  the  different  portions  of  the  filter  whiqh  have  been  cleaned  at 
various  times.  About  the  only  jjoint  which  is  known,  in  addition  to 
the  general  success  of  the  arrangement,  refers  to  the  somewhat  higher 
rates  of  filtration  which  follow  scraping  in  that  portion  of  the  filter 
which  is  nearest  to  the  pumping  station. 
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How  mucli  of  a  factor  the  presence  of  ground-water  or  of  water  Mr.  G.  w. 
filtered  through  the  bottom  from  the  river  has  been  with  reference  to  "  ^^' 
the  clogging  of  the  underdrains,  due  more  or  less  to  dissolved  iron,  is 
unknown  to  the  speaker.  Taken  in  connection  with  the  very  complete 
draining  which  the  filter  receives  from  time  to  time,  it  would  seem 
that  water  other  than  the  filter  efliueut  was  associated  with  the  com- 
plications which  were  mentioned  in  the  1898  report  of  the  Lawrence 
Water  Board,  and  which  were  referred  to  in  the  report  of  the  State 
Board  of  Health  for  1898,  on  page  26. 

The  use  of  two  grades  of  sand  in  a  water  filter  is  quite  unusual, 
and  is,  of  course,  accounted  for  as  a  part  of  the  method  adojited  for 
preventing  excessively  high  rates  of  filtration  through  recently-scraped 
portions  of  the  filtering  surface.  It  is  noted  that  the  two  kinds  of 
sand  are  specified  in  Fig.  2  according  to  their  eflective  size,  as  is  the 
usual  custom  at  present,  and  not  with  regard  to  the  "maximum  rate" 
of  the  sand,  as  was  the  case  on  the  original  drawings  and  in  the  eai-lier 
reproductions.  By  "  maximiim  rate  "  is  meant  the  quantity  of  water 
m  millions  of  gallons  per  acre  daily  which  a  sand,  when  clean,  will 
allow  to  flow  through  it  when  the  acting  head  is  equal  to  the  thickness 
of  the  sand  layer,  and  the  temjierature  of  the  water  is  .50°  Fahr. 
Numerous  observations*  have  been  made  showing  that  the  friction  of 
a  sand  to  the  flow  of  water  increases  very  materially  as  the  sand  con- 
tinues in  service.  In  fact,  it  is  quite  uncertain  what  coeflQcients  for 
difl'erent  conditions  should  be  used  for  converting  effective  size  into 
maximum  rate.  Much  assistance  in  the  future  will  be  secured  if  more 
attention  be  paid  than  at  present  to  the  maximum  rate  which  sands  of 
a  given  effective  size  offer  to  the  flow  of  water  in  a  filter  as  they  are 
continued  in  service. 

Although  the  Lawrence  filter  is  still  unprovided  with  a  cover,  the 
advantages  which  would  resTilt  from  the  operation  of  this  filter  during 
winter  weather  if  it  should  be  covered  are  so  apparent,  both  from  the 
standpoint  of  economy  and  of  uniformity  in  the  hygienic  efficiency  of 
the  filter,  that  there  is  i)ractically  nothing  to  be  said  on  the  discussion 
of  this  point. 

With  regard  to  the  method  of  intermittent  operation  of  the  Law- 
rence City  filter,  it  was  considered  at  the  time  it  was  designed  that,  at 
least  during  some  joortions  of  the  year,  the  amount  of  atmospheric 
oxygen  dissolved  in  the  Merrimac  River  water  might  prove  inadequate 
to  facilitate  to  a  desired  degree  the  nitrification  of  the  organic  matter 
contained  in  the  water  and  stored  in  the  filter,  unless  supplemented  by 
air  admitted  to  the  filter  by  draining  the  sand.  Exhaustive  studies  at 
a  later  date  showed  that  for  this  river  water  artificial  aeration  is  not 
needed,  because,  practically  without  exception,  the  effluents  are  found 
to  contain  suflScient  oxygen  for  nitrification  processes.  - 

*  See  the  paper  by  Mr.  H.  W.  Clark,  in  the  1894  Report  of  the  Massachusetts  State 
Board  of  Health,  p.  706. 
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Mr.  G.  w.  In  the  investigations  made  elsewhere  in  this  country  it  is  found 
^'''  that  the  organic  matter  contained  in  river  waters  used  for  public 
supplies  is  of  such  a  character  as  to  stability  that  nitrification  is  now 
considered  as  a  general  proposition  to  be  much  less  of  a  factor  in  water 
purification  than  it  was  ten  years  ago.  Many  river  waters  contain  more 
organic  matter  than  the  Merrimac  at  Lawrence,  but  very  few  contain 
so  much  of  an  unstable  nature  such  as  is  caused  by  very  recent  sewage 
pollution,  and  which  is  capable  of  being  readily  acted  upon  by  the 
bacteria.  Present  evidence  indicates  that  intermittent  filters  will  never 
find  extended  use  in  water  jaurification,  on  the  ground  that  if  a  water 
contains  so  much  unstable  organic  matter  that  the  oxygen  which  it 
contains  naturally,  and  also  by  aeration  before  application  to  the 
filter,  is  inadequate  for  normal  bacterial  actions,  then  such  a  water 
should  not  be  considered  favorably  for  a  public  supply. 

The  intermittent  method  of  operation  i^ossesses  two  distinct  disad- 
vantages. One  refers  to  the  vertical  channels  produced  in  the  sand 
layer,  due  to  escaping  air  upon  filling  the  filter  after  draining,  and 
which  has  a  tendency  to  lower  the  bacterial  efficiency  of  the  plant. 
The  other  refers  to  the  aii-  which  remains  entrained  in  the  sand  layer, 
and  which  increases  the  friction  ofi"ered  to  the  passage  of  the  water. 
This  latter  point  affects  the  cost  of  operation  by  increasing  the  amount 
of  sand  to  be  removed  to  relieve  clogging.  It  also  increases  the  cost 
by  reducing  the  capacity  of  the  plant  below  the  normal  (for  continu- 
ous filters]  after  it  has  been  in  service  for  some  years. 

In  the  Lawrence  City  filter  the  effect  of  air  in  the  pores  of  the  sand 
has  shown  itself  less  in  reducing  the  bacterial  efficiency  than  it  has  in 
increasing  the  amount  of  sand  to  be  scraped  from  the  surface.  The 
influence  of  the  channels  through  which  the  water  could  pass  without 
adequate  purification  is  very  likely  disguised  by  other  factors  in  this 
large  plant.  It  certainly  was  well-defined  in  the  16-ft.  experimental 
filter  at  the  Experiment  Station,  as  will  be  noted  by  comparing  the 
records  of  Filters  Nos.  3  b  and  8  a  in  the  Reports  of  the  Massachusetts 
State  Board  of  Health.  These  two  filters  were  put  in  operation  at 
about  the  same  time  as  the  city  filter,  and  contain  the  same  kind  of 
sand.  No.  3  b  was  operated  intermittently,  and  No,  8  a  continuously. 
A  summary  of  the  leading  results  from  the  operation  of  the  city  filter 
and  of  these  two  experimental  filters,  receiving  practically  the  same 
water,  up  to  January  1st,  1900,  is  shown  in  Table  No.  31. 

From  this  summary  it  is  seen  that  the  intermittent  filters  did  not  sur- 
pass the  continuous  filter  in  the  removal  of  organic  matter  or  of  color, 
while  they  gave  a  somewhat  less  satisfactory  bacterial  removal,  although 
the  differences  all  come  within  about  one-half  of  \%  of  the  numbers  in 
the  ai^plied  river  water.  It  will  further  be  noted  that  the  intermittent 
experimental  filter  gave  a  distinctly  smaller  yield  of  filtered  water 
between  scrapings  than  did  the  experimental  continuous  filter;  and  that 
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the  intermittent  city  filter  gave  mucli  smaller  yields  than  the  experi-  Mr.  G.  w. 
mental  filters,  thus  increasing  materially  the  volume  of  sand  to  be  "  *^'"' 
removed  jser  million  gallons  of  efiluent.  Although  the  sand  removed 
from  the  small  filters  is  very  likely  less  than  would  be  the  case  with 
any  municipal  filter  operating  on  this  water,  it  is  considerably  in  excess 
of  the  amounts  removed  in  some  European  filters  oi^erating  upon  very 
clear  water. 

TABLE  No.  31. — Sxjmmaky  of  Leading  Kesults  of  Opeeation  of 
Water  Filters  at  Lawrence,  Mass.,  from  September,  1893,  up 
TO  January,  1900. 


Kind 

Area  (acres) 

Date  of  completion,  1893 

Million  gallons  of  water  filtered 

Avei-age  yield,  in  million  gallons  per  acre  daily 

Total  number  of  complete  scrapings 

Average  number  of  days  between  scrapings 

Average  number  of  scrapings  per  year 

Average  yield  per  period  between  scrapings,  in  million 
gallons  per  acre 

Estimated  total  amount  of  \  Thickness,  in  inches 

sand  removed  by  scrapings  j  Cubic  yards  per  acre 

Estimated  average  thickness  of  sand  removed  by  scrap- 
ing, in  inches 

Average  volume  of  sand  removed,  in  cubic  yards  per 
million  gallons  of  effluent 

Average  color  in  applied  water 

Ditto  in  effluents* 

Percentage  of  color  removed 


Average  nitrogen  as  albuminoid   ammonia  in  applied 

water 

Ditto  in  effluents 

Percentage  of  albuminoid  ammonia  removed 


Average  number  of  bacteria  per  cubic  centimeter  in 

applied  water 

Ditto  in  effluents  * 

Percentage  of  bacteria  removed 


City  filter. 

No.  3  b. 

1     Inter- 

Inter- 

1 mittent. 

mittent. 

2.44 

0.005 

Sept.  20. 
6  960 

To  .8 

1.25 

2.35 

79 

86 

29 

26 

13.6 

13.8 

36 

62 

59 

42.5 

8  000 

5  700 

0.75 

0.49 

2.79 

1.06 

0.43 

0.41 

0.38 

12 

30 

0.199 

0.086 

0.094 

0.189 

53 

52 

9  000 

9  000 

95 

65 

98.9 

99.3 

Contin-  I 
uous.    ) 
0.005 
Sept.  26. 
31.6 
2.77 
79 
29 
13.6 


0.53 

0.41 
0.29 
29 


0.186 
0.088 
53 


9  000 
45 


*  Excluding  results  of  first  month  of  operation. 

In  the  paper  a  statement  is  made  as  to  the  estimated  average 
amount  of  suspended  matter  which  the  Merrimac  River  water  con- 
tains, namely,  10  parts  per  million.  This  figure  is  approximately  cor- 
rect, but  it  does  not  give  an  adequate  idea  of  the  caiaacity  of  this  river 
water  to  clog  a  sand  filter,  when  compared  with  the  turbidity  of  west- 
ern and  southern  waters.  It  is  the  suspended  organic  matter,  of  a 
more  or  less  gelatinous  nature,  which  acts  as  an  important  agent  in 
clogging  the  filters  to  which  the  Merrimac  River  water  is  applied.  To 
record  properly  the  clogging  powers  of  a  water,  a  method  should  be 
devised  which  should  include  in  a  correct  manner  not  only  the  tur- 
bidity due  to   suspended  silt  and  clay,  but  also  tbat  due  to  organic 


336 


DISCUSSION    ON   LAWRENCE,    MASS.,    FILTER. 


Mr.  G.  W 
Fuller. 


matter.  Obviously,  a  small  weiglit  of  the  latter,  forming  as  it  does  a 
gelatinous  film  at  and  near  the  sand  siirface,  does  as  much  clogging 
as  a  much  larger  weight  of  mineral  matter  which  i^roduces  a  more 
granular  appearance  upon  the  sand  surface. 

The  clogging  in  the  Lawrence  City  filter  appears  to  be  caused,  to  a 
large  degree,  by  the  air  entrained  in  the  sand.  This  is  made  plain  in 
Table  No.  32,  in  which  the  leading  data  of  operation  of  the  Lawrence 
filter,  as  given  in  the  paper,  are  compared  with  the  data  from  the 
Mount  Vernon  filters,  as  given  in  Engineering  News,  May  30th,  1901. 
As  a  matter  of  general  interest,  the  data  from  the  Albany  filter, 
as  given  by  Mr.  Bailey  in  Engineering  News,  August  7th,  1900,  are 
also  included  in  the  comparison.  It  is  not  intended  that  these  Albany 
data  should  be  regarded  as  representative  of  that  plant,  as  doubtless 
IVIr.  Bailey  will  soon  publish  the  detailed  evidence  to  date.  While  in 
a  number  of  instances  these  results  ax'e  only  approximations,  it  is 
believed  that  they  are  sufiiciently  correct  for  present  purposes,  and  that 
the  averages  are  free  from  serious  error.  In  both  the  Lawrence  and 
Mount  Vernon  filters  the  costs  are  exclusive  of  charges  due  to  removal 
of  ice  and  snow.  Fixed  capital  charges  and  the  cost  of  analytical  sujDer- 
vision  are  not  included  in  the  case  of  any  of  the  plants. 

TABLE  No.  32.— Comparison  of  Appeoximate  xVvekage  Results  and 
Costs  of  Operation  of  Water  Filters. 


Filter 

Area,  acres 

Period  included  in  averag'es 

Million  gallons  of  water  filtered 

Yield  in  million  gallons  per  acre,  daily 

Total  number  of  complete  scrapings 

Number  of  days  between  scrapings  

Number  of  scrapings  per  year 

Million  gallons  of  effluent  per  acre  between 
scrapings 

Cost  of  scraping  per  acre 

Cost  of  wheeling  out  per  acre 

Sum  of  scraping  and  wheeling  out j 

Thickness  of  sand  layer  removed  per  scraping, 
in  inches .- i 

Cubic  yards  of   sand  removed  per  acre  per 
scraping 

Cubic  yards  of  sand  removed  per  million  gal- 
lons of  effluent 

Cost  per  cubic  yard  for  scraping  and  wheeling 
out  sand 

Ditto  for  washing  sand 

Ditto  for  replacing  sand 

Sum  of  cost  per   cubic  yard  of  handling 

sand 

Ditto  per  million  gallons  of  effluent 

Miscellaneous  and  general  expenses  per  mil- 
lion gallons 

Total  cost  of  operation  per  million  gallons  of 
effluent,  exclusive  of  ice 


In  regard  to  the  relative  costs  of  scraping  the  filters  and  of 
wheeling  out  the  dirty  sand,  this  information  is  not  available  for  the 
Mt.  Vernon  filters.     At  the  Lawrence  filter  it  is  to  be  recalled  that 
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■wheeling  out  the  sand   involves   two    handlings    of   the   material,  it  Mr.  G.  W. 
being  first  wheeled  to  a  temporary  dump  at  the  side  of  the  filter.  "  ^^' 

In  studying  these  data  it  is  seen  that  the  cost  per  cubic  yard  of 
sand,  for  scraping,  -wheeling  out,  washing  and  replacing  in  the  Law- 
rence filter  is  only  about  lOj^  in  excess  of  what  might  be  called  a 
normal  charge,  notwithstanding  that  the  total  cost  of  operation,  exclu- 
sive of  ice,  is  more  than  double  the  sum  found  by  European  experience 
with  American  rates  of  wages,  and  as  found  in  several  places  in  this 
country.  The  chief  difference  is  found  in  the  large  volume  of  sand 
removed  per  million  gallons  of  effluent;  and  it  seems  to  be  a  logical  con- 
clusion that  this  feature,  due  evidently  in  a  large  measure  to  clogging 
caused  by  entrained  air,  is  the  principal  explanation  of  the  high  cost  of 
operation  of  the  Lawrence  filter. 

Although  the  cost  of  filtration  at  Lawrence  is  above  the  normal 
for  this  type  of  water,  this  question  becomes  a  matter  of  relative 
insignificance  when  we  consider  the  great  work  which  the  filter  has 
accomjilished  in  reducing  typhoid  fever  in  this  city.  During  the  j)ast 
five  years,  excepting  a  few  weeks  following  the  special  repairs  in  the 
underdrains,  the  annual  death  rate  f  romi  this  disease  has  been  less  than  20 
per  100  000  inhabitants,  a  rate  which  for  American  cities  is  about  as 
low  as  can  be  expected  in  cases  where  public  water  suj^plies  are 
drawn  from  impolluted  sources.  This  record  is  the  greatest  testimonial 
which  can  be  paid  to  the  splendid  results  accomplished  by  the  Lawrence 
City  filter. 

In  their  discussion  of  the  typhoid  statistics  of  Lawrence,  the  au- 
thors neglect  to  call  especial  attention  to  the  low  death  rate  which  the 
city  now  enjoys,  and  confine  their  comments  to  the  percentages  of 
reduction  of  typhoid  fever  based  on  the  records  before  and  after  the' 
instaHation  of  the  filter.  These  comparisons  are  of  interest,  but  they 
have  their  limitations,  as  tyjihoid  data  seem  to  move  more  or  less  in 
cycles  of  unceitain  lengths.  "While  the  authors  are  correct  that  had 
the  filter  not  been  erected  at  Lawrence  the  typhoid  rate  would  possibly 
have  been  less  during  the  past  seven  years  than  during  the  preceding 
period  of  that  length,  the  reason  is  not  to  he  found  in  a  study  of  the 
general  records  of  the  State  of  Massachusetts,  but  in  those  of  the  Mer- 
rimac  Valley  above  Lawrence.  Notwithstanding  the  fact  that  the 
general  pollution  of  this  river  is  steadily  increasing  year  by  year,  it  is 
true  that  there  has  been  a  reduction  in  typhoid  fever  in  those  cities 
above  Lawrence  which  sewer  into  this  river  or  its  tributaries.  The 
reason  for  this  is  almost  solely  due  to  the  marked  reduction  in  typhoid 
fever  at  Lowell,  following  the  introduction  of  a  ground-water  supply. 
In  fact,  in  the  remaining  cities  in  the  upper  Merrimac  Valley,  as  far  as 
the  speaker  has  been  able  to  ascertain,  the  rate  of  increase  of  jjopula- 
tion  has,  on  an  average,  more  than  offset  such  decreases  as  have  occurred 
in  the  typhoid  fever  death  rates. 
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Mr.  G.  w.  Eeferring  to  the  relationship  which  the  filter  has  brought  about 

"  *'"■  between  the  removal  of  bacteria  from  the  Merrimac  River  water  and 
the  removal  of  typhoid  fever,  it  will  be  noted  that,  in  round  numbers, 
this  filter,  on  an  average,  has  effected  a  removal  of  about  99j!(^  of  the 
bacteria  in  the  applied  water.  In  this  connection  the  speaker  desires 
to  call  attention  to  the  fact  that  in  1891,  when  the  typhoid  fever  rate 
in  Lawrence  was  highest,  there  was  a  removal  of  from  90  to  95%"  of 
the  river  water  bacteria  as  the  water  passed  through  the  distributing 
reservoir  and  pilling  system  of  the  water-works.  In  the  early  winter  of 
1898-99,  following  the  repairs  on  the  uuderdrains,  and  when  a  mild 
epidemic  of  typhoid  fever  appeared,  the  filter,  on  an  average,  effected 
a  removal  of  about  93%  of  the  river  water  bacteria.  To  those 
who  are  inclined  to  the  opiniop  that  in  the  case  of  sewage-polluted 
waters  it  is  a  matter  of  indifference  whether  or  not  a  filter  is  care- 
fully operated,  the  records  from  Lawrence  will  furnish  much  food  for 
reflection. 

Mr.  Soper.  George  A.  SoPEK,  Assoc.  M.  Am.  Soc.  C  E. — This  paper  is  accorded 
a  warm  welcome  in  the  mind  of  the  speaker,  for  two  principal  reasons. 
First,  it  is  valued  for  its  intrinsic  merit;  it  is  full  of  carefully  collected 
facts,  and  these  are  set  forth  in  a  Avay  which  gives  ample  assurance 
that  the  authors  desired  to  collate  their  information  in  an  intelligent 
and  impartial  manner.  The  paper  is  also  peculiarly  acceptable  to  the 
speaker  for  the  opportunity  it  affords  him  to  make  a  few  inquiries 
under  circumstances  which  seem  to  insure  their  full  answer. 

Seeming  Inconsistency  Between  the  Filter  and  its  Results. — A  few  years 
ago,  when  the  speaker  was  engineer  for  one  of  the  mechanical  filter 
companies,  it  was  considered  part  of  his  business  to  answer  some  of 
these  inquiries  regarding  the  Lawrence  filter.  The  question  usually 
originated  with  laymen,  who,  as  delegates  of  municipalities,  or  repre- 
sentatives of  water  companies,  were  investigating  the  relative  merits 
of  slow  and  rajjid  filters,  and  who  had  jjassed  through  the  hands  of 
those  who  knew  how  to  say  a  good  word  for  slow  filtration.  They  had 
heard  a  great  deal  about  the  excellent  results  at  Lawrence,  and  were  a 
little  confused  as  to  how  those  results  were  obtained.  The  speaker's 
principal  interrogatory,  therefore,  is,  what  are  the  conditions  upon 
which  the  efficiency  of  the  Lawrence  filter  especially  depends? 

Basing  a  knowledge  of  filtration  upon  principles  and  precepts 
founded  very  largely  upon  the  classic  experiments  made  at  Lawrence 
for  the  Massachusetts  State  Board  of  Health,  it  has  sometimes  been 
considered  that  in  constriiction  and  operation  the  Lawrence  filter  is 
not  one  from  which  superior  results  could  be  exi^ected.  The  facts  at 
first  laid  down  as  necessary  to  its  success,  seem  to  have  been  disre- 
garded in  actual  joractice.  Thus,  for  example,  it  was  stated  by  the 
engineer  of  the  works  that  one  of  the  essential  qualities  of  the  design 
requires  that  the  inlet  water  shall  be  shut  off  once  a  day,  and  the 
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pump  kept  ruuuing  until  the  sand  is  uncovered  and  the  water  within  Mr.  Soper. 
the  sand  drawn  out,  so  that  the  sand  can  fill  with  air  from  toiJ  to 
bottom.  This  was  a  condition  made  necessary  by  the  principle  of 
intermittent  filtration.  Again,  it  was  intended  to  clean  a  portion  of 
the  bed  every  day,  and  this  portion,  when  cleaned,  was  said  to  be 
incapable  of  conveying  so  large  a  quantity  of  water  that  it  could  not  be 
properly  purified  in  its  passage,  unless  there  were  an  extreme  drawing 
down  of  the  head,  which  would  require  close  watching  at  the  pumps. 

In  recent  years  it  has  been  customary  to  operate  the  Lawrence  filter 
in  a  manner  which  has  been  described  by  the  authors  as  not  inter- 
mittent, but  practically  continuous,  and  they  state  that  it  has  made 
very  little  difference  in  the  results. 

It  is  learned  from  the  paper  that  there  has  been  a  great  deal  of 
drawing  down  of  the  head,  and  it  seems  there  has  not  always  been  a 
very  close  watching  of  the  pumps.  Yet  chemical  and  bacterial  evidence 
is  not  wanting  to  show  that  the  quality  of  the  effluent  is  not  seriously 
afl'ected  by  these  seeming  departures  from  original  principles.  The 
peculiar  features  of  the  plant  are  not  restricted  to  the  points  named. 
In  the  Lawrence  works  we  have  a  filter  operating  at  5  000  000  galls, 
per  acre  per  day,  instead  of  the  2  000  000  to  3  000  000  galls,  generally 
accepted  as  the  proper  limit.  We  have  a  filter  which  is  stopped  and 
started  every  day  instead  of  one  which  is  run  at  a  uniform  rate  for 
periods  generally  exceeding  a  month.  The  sand  is  never  equally  clean 
or  dirty  over  the  whole  area;  from  which  it  would  seem  that,  different 
parts  of  the  bed  being  more  or  less  clogged,  and  so  offering  unequal 
degrees  of  resistance  to  the  flow  of  water,  diff"ereut  rates  of  filtration 
and  not  a  uniform  rate  would  necessarily  be  obtained  through  the  bed. 
No  i3eriod  of  rest  is  given  the  clean  filter  for  the  formation  of  a  coat  of 
schmutzdecke,  nor  is  the  first  of  a  new  effluent  thrown  away  as  likely  to 
be  impure.  After  cleaning  the  bed,  raw  water  is  poured  down  on  the 
filter  until  the  sand  is  flooded;  filtered  water  is  not  backed  up  under 
it.  Then,  the  sand  is  not  of  uniform  depth;  the  differences  in  depth 
are  intended  to  be  made  up  by  diff'erences  in  the  size  of  the  grains  of 
sand,  so  that  uniformity  in  filtration  further  depends  on  a  nicety  in 
adjusting  the  filtering  material.  These  are  all  unusual  features  for  a 
slow  filter,  and  the  peculiar  success  which  seems  to  have  attended  the 
plant  consequently  calls  for  a  few  words  of  exijlanation. 

How  are  the  excellent  results  accounted  for?  Apparently,  either 
on  the  basis  that,  in  the  past,  the  laws  of  filtration  have  been  observed 
more  narrowly  than  necessary,  or  that  the  Lawrence  plant  has  elements 
of  advantage  which  are  not  ordinarily  taken  into  account.  The  sjjeaker 
is  aware  that  recent  facts  from  the  Lawrence  Experiment  Station  throw 
light  on  some  of  the  points  referred  to,  and  his  experience  with  water 
filters  assists  in  reconciling  othei-s,  but  it  would  be  interesting  to  hear 
from  some  of  the  gentlemen  who  have  been  connected  with  the  Law- 
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Mr.  Soper.  rence  works,  as  to  how,  in  general  terms,  they  regard  the  a^oparent 
inconsistencies  pointed  out  between  the  filter  and  its  results. 

Indications  of  Ground-Water  in  the  Effluent. — Leaving  the  question 
as  to  how  the  principles  elsewhere  understood  to  control  efficiency  in 
slow  filtration  have  bearing  upon  the  o^jeration  of  the  Lawrence  plant, 
the  speaker  desires  to  call  attention  to  a  feature  which  has  not  been 
touched  upon  by  the  authors,  but  which  may  have  some  influence  in 
bringing  about  the  excellent  results  attributed  to  the  filter.  It  is 
desired  to  ask  how  far  the  accidental  inflow  of  ground-water,  or  in- 
filtration of  river  water  to  the  bottom  of  the  filter,  may  affect  the 
results.  The  length  of  the  filter  excavation  is  750  ft.,  with  a  width  of 
140  ft.,  and  it  lies  within  an  initial  distance  of  50  ft.  from  the  river. 
The  bottom  of  the  filter  bed  is  understood  to  be  unpaved,  and  open  to 
the  inflow  of  such  water  as  may  be  present  from  6  to  8  ft.  below  the 
level  of  low  water  in  the  river.  The  jjaper  does  not  state  the  character 
of  the  excavated  material,  biit  it  is  stated  that  the  old  filter  gallery 
which  runs  along  the  filter  on  the  land  side,  was  built  in  a  stratum  of 
coarse  gravel.  The  gallery  was  300  ft.  long  and  was  located  200  ft. 
from  the  river.  It  was  tested  in  September,  1877,  and  found  to  be 
able  to  collect  275  000  galls,  of  water  per  day.  "When  the  filter  was 
built  the  infiltration  gallery  was  incorporated  with  it,  and  is  now 
used  as  a  conduit  to  carry  the  filter  effluent  to  the  pumps.  The 
length  of  the  infiltration  conduit  has  been  extended  to  a  total  length 
of  710  ft.  in  a  direction  previously  regarded  as  one  likely  to  develop 
a  considerable  amount  of  ground-water. 

The  question  occurs  here:  How  much  of  the  Lawrence  water  is 
filtered,  and  how  much  is  ground- water?  The  results  of  chemical 
analyses  of  applied  Merrimac  Eiver  water  and  effluent  from  the  Law- 
rence filter  for  the  years  1893  to  1899  have  a  bearing  upon  this  point. 
The  data  are  given  by  the  authors  in  Table  No.  17.  Examining  the 
determinations  of  those  dissolved  matters  which,  under  ordinary  cir- 
ciimstances,  are  little  if  at  all  affected  by  filtration,  it  is  found  that 
the  river  water  is  purer  than  the  effluent.  The  figures  which  repre- 
sent chlorine  and  hardness  are  remarkable;  the  average  increase  in 
these  matters  being  9.1%"  and  50%,  respectively.  The  total  solids  are 
increased  33.6  per  cent.  If,  from  the  data  for  total  solids,  is  sub- 
tracted the  average  weight  of  suspended  matter  found  in  Merrimac 
water,  the  increase  in  the  amount  of  dissolved  solids  which  appear  to 
result  from  filtration  is  78.8  jier  cent.  Even  if  a  liberal  allowance  is 
made  for  the  conversion  of  organic  matter  into  mineral  matter,  which 
generally  takes  place  in  well- operated  filters,  there  is  still  a  heavy 
increase  of  solids  to  be  accounted  for.  It  is  possible  that  the  sand 
parts  with  some  of  its  mineral  matter  to  the  water  which  jaasses 
through  it,  but  many  considerations  render  it  unlikely  that  so  great 
an  increase  in  dissolved  matters,  and  especially  chlorine,  could  come 


DISCUSSION   ON   LAWRENCE,    MASS.,    FILTER.  341 

from  this  source.     The  conclusion  seems  irresistible  that  a  consider-  Mr.  Soper. 
able  quantity  of  ground-water  finds  its  way  into  the  drainage  system 
of  the  filter  plant. 

The  application  of  the  point  is  obvious.  It  means,  unless  ex- 
plained, that  the  filter  is  credited  with  filtering  at  a  greater  rate  and 
with,  perhajjs,  a  higher  bacterial  efficiency  than  is  actually  the  case. 
The  presence  of  an  uncertain,  though  possibly  small  amount  of 
ground-water,  or  infiltrated  river  water,  would  aff'ect  the  accuracy  of 
the  reports  of  the  filter's  action  in  such  a  way  that  those  who  have 
the  interests  of  the  case  most  at  heart  must  have  carefully  collected 
information  along  this  line.  If  so,  the  speaker  would  like  to  have 
some  of  it. 

The  Reduction  of  Bacteria. — The  results  of  bacteriological  analyses 
of  the  water  pumjied  at  Lawrence,  indicate  that  comparatively  few 
bacteria  i^ass  through  the  filter  bed.  The  i:)roportion  removed  is 
given  as  99.1^^  for  the  last  year.  It  is  noticed  that  there  has  been  a 
steady  decrease  in  the  number  of  bacteria  found  in  the  effluent  since 
the  filter  was  built.  From  an  average  of  150  per  cubic  centimeter  in 
the  effluent  in  1894,  after  the  filter  had  been  put  in  good  running 
order,  the  number  of  bacteria  has  run  down  to  an  average  of  55  per 
cubic  centimeter  for  the  year  1899.  During  the  same  time  the  raw 
water  appears  to  have  improved  in  quality  also.  In  the  six  years 
mentioned,  the  number  of  bacteria  in  the  Meriimac  River  water  at 
Lawrence  has  fallen  from  an  average  of  10  800  to  5  800  per  cubic 
centimeter.  It  would  be  interesting  to  know  how  these  decreases  are 
accounted  for,  and  whether  they  are  to  be  at  all  ascribed  to  improved 
methods  of  bacteriological  technique,  or  represent  solely  an  improve- 
ment in  the  quality  of  the  water.  The  question  has  bearing  upon  the 
actual  number  of  bacteria  present  in  the  water  pum^jed  from  the 
filter.  This  is  an  imisortant  point  in  water  purification,  as  it  is  of  less 
significance  in  the  average  case  that  a  filter  shall  remove  99%  of  the 
bacteria,  than  that  it  shall  leave  only  50  or  fewer  organisms  to  the 
cubic  centimeter. 

Reduction  in  the  Tiiphoid  Fever  Death  Rate. — A  word  on  the  subject 
of  typhoid  fever,  which  is  the  ultimate  and  most  crucial  phase  of  the 
question  before  us:  The  Lawrence  filter  was  constructed  in  1893  to 
protect  the  peoiale  of  Lawrence  against  typhoid  fever,  which  was  con- 
sidered to  be  communicated  to  them  largely  through  the  medium  of 
the  public  water  supi^ly.  The  death  rate  from  typhoid  fever  at  Law- 
rence for  the  six  years  prior  to  the  construction  of  the  plant  averaged 
12  per  10  000  of  the  population.  For  the  six  years  following  construc- 
tion, the  death  rate  from  typhoid  per  10  000  was  2.6.  The  difference 
is  78  per  cent. 

The  authors  very  properly  point  out  that  this  percentage  of  reduc- 
tion is  not  to  be  ascribed  solely  to  the  oi^eration  of  the  filter  plant. 
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Mr.  Soper.  Other  factors  combined  to  reduce  the  mortality.  Lest  there  should, 
be  some  misconception,  the  authors  have  indicated  the  nature  of  some 
of  these  influences.  Thus,  they  state  that  one  favorable  factor  lay  in 
improved  sanitary  conditions,  while  another  was  better  methods  of 
medical  treatment.  To  the  speaker's  mind,  a  very  important  factor 
lay  in  the  educational  effect  produced  by  the  great  amount  of  atten- 
tion which  was  called  to  the  danger  of  drinking  impure  water  at  about 
this  time.  Letters  were  sent  by  the  Massachusetts  Board  of  Health 
to  the  Mayor  of  the  city,  notices  were  posted  in  the  mills  and  public 
places,  and  there  was  a  general  campaign  against  the  disease  which 
had  for  some  time  been  epidemic  in  various  cities  along  the  Merrimae 
Kiver.  As  an  evidence  of  the  pojDular  response  to  the  warning  against 
polluted  water  it  is  said  that  large  quantities  of  bottled  water  were 
sold,  and  that  many  people  boiled  the  city  water  before  drinking  it. 
Just  how  efficacious  this  educational  factor  may  properly  be  consid- 
ered to  have  been,  it  is  impossible  to  say,  but  its  effect  in  all  proba- 
bility, was  very  considerable. 

It  has  been  frequently  stated  that  fluctuations  in  the  number  of 
deaths  from  typhoid  fever  at  Lawrence  followed  similar  changes  at 
Lowell  before  the  Lawrence  City  filter  was  built.  A  relation  of  cause 
and  eff'ect  seems  to  have  been  firmly  established  in  this  matter  by  those 
who  have  carefully  investigated  the  facts.  Has  this  relation  con- 
tinued to  the  present  time?  Data  relating  to  monthly  variations  in  the 
tyi^hoid  fever  death  i-ates  for  the  two  cities  are  not  at  present  acces- 
sible, but  if  the  available  statistics  for  the  period  from  1893  to  1899 
are  examined,  a  plotting  of  the  number  of  deaths  from  typhoid  fever 
each  year  together  with  the  similar  data  from  Lawrence  will  show  a 
general  correspondence  in  the  curves.  That  is  to  say,  there  was  a  very 
notable  decrease  in  each  case  at  about  the  time  the  Lawrence  filter  was 
built.  From  53  deaths  at  Lowell  in  1893,  there  was  a  sharp  decline  to 
18  in  1897;  24  in  1898,  and  17  in  1899.  Here  there  is  an  influence 
highly  favorable  to  a  reduction  of  the  death  rate  at  Lawrence  which 
has  apparently  been  overlooked.  Using  the  last  two  factors  referred 
to  as  conditions  which  contributed  to  a  reduction  in  the  typhoid  fever 
death  rate  at  Lawrence,  it  can  hardly  be  denied  that  the  number  of 
typhoid  fever  victims  would  have  been  greatly  decreased  by  the  filter. 
This  leads  to  the  question:  What  actual  saving  in  life  has  resulted 
from  the  construction  of  the  filtration  plant?  The  authors  consider, 
after  deducting  the  effect  of  various  influences  and  tendencies,  that 
the  filter  has  resulted  in  the  prevention  of  the  death  of  40  out  of  every 
100  persons  who  would  otherwise  have  died  of  typhoid  fever  in  Law- 
rence. That  is  to  say,  in  a  city  of  62  520  inhabitants,  the  lives  of  & 
persons  were  saved  from  death  last  year.  It  is  not  the  speaker's  inten- 
tion to  ask  that  the  figure  given  in  this  estimate  be  qualified  or  re- 
duced.    The  question  is  not  one  that  is  susceptible  of  proof,  but  rests. 
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propei'ly  as  a  matter  of  opinion.     The  saving  mentioned,  or  half  this  Mr.  Soper. 
saving,  would  amply  justify  the  installation  of  a  filter,  but  it  is  de- 
sired to  ask  of  the  gentlemen  who  have  made  a  study  of  the  Lawrence 
plant,  how,  in  the  face  of  so  many  seeming  imperfections  in  construc- 
tion and  operation,  such  good  results  can  be  accounted  for? 

There  is  little  doubt  that  these  inquiries  cover  ground  which  is 
familiar  to  those  who  are  intimately  acquainted  with  the  details  of 
construction  and  operation  of  the  plant  under  discussion,  and  that 
they  are  prepared  to  give  full  and  complete  answers  to  all  questions 
which  may  be  asked.  It  is  hojaed  that  they  will  regard  the  present 
inquii'ies  as  worthy  of  consideration,  and  that  they  will  give  the  pro- 
fession the  benefit  of  the  light  which  they,  better  than  any  others,  are 
able  to  throw  upon  these  topics. 

Geokge  C.  Whipple,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  Mr.  Whipple, 
paper,  upon  the  operation  of  the  Lawrence  filter,  is  most  interesting 
and  complete,  yet  there  is  one  subject  to  which  the  authors  have  not 
alluded,  namely,  the  microscopic  organisms  and  their  growth  upon 
the  sand  and  in  the  filtered  water  when  stored  in  the  reservoir.  The 
probable  reason  for  the  omission  is  that,  unlike  the  experience  of  many 
cities  with  open  filters,  Lawrence  has  had  no  trouble  from  these 
organisms. 

TABLE  No.  33. — Number  of  Miceoscopic  Okganisms  in  the  Watee  op 
■  the  Meeeimac  Eivee,  at  Laweence,  Mass. 


1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

January 

■"ii 

"16 

8 

45 

310 

113 

19 

71 

5 

7 

3 

55 

■■■9 
101 
119 
320 
678 
79 
43 
34 
19 

■"ie 

5 
109 
153 
247 
160 
82 
88 
58 
29 
11 

53 
19 
93 
289 
346 
175 
113 
88 
10 
15 

15 
20 
56 
49 
126 
461 
165 
469 
139 
83 
25 
4 

14 

46 
434 

1  690 
1  163 

708 
108 
85 
40 
2 

3 
5 

March 

12 

April. 

12 

May 

145 

June 

July 

225 
356 

142 

September 

October 

58 
12 

November 

December 

6 

47 

Average 

61 

133 

87 

104 

134 

363 

86 

List  of  prominent  organisms. 

Number  of  times  in  vrhich  the  organ- 
isms exceeded  50  per  cubic  centi- 
meter. 

Si/nedrii 

21 

ProtocitrcuH  (chlorocnccus).. 

7 

Fragihi  rin                                        

2 

Crenofhrix 

4 

Tabellnria 

2 

Selenastruni 

1 

Dinobryon           

1 
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Mr.  Whipple.  As  a  rule,  river  waters  do  not  contain  large  numbers  of  algae,  pro- 
tozoa, etc.,  and  the  Merrimac  River,  at  Lawrence,  is  no  exception  to 
this  rule.  The  records  of  the  Massachusetts  State  Board  of  Health 
show  that,  with  the  exception  of  Synedra  and  Protococcus,  no  organism 
has  ever  been  present  in  numbers  greater  than  500  per  cubic  centi- 
meter. Table  No.  33,  compiled  from  these  records,  gives  the  number  of 
organisms  during  each  month  from  February,  1890,  to  December,  1896, 
together  with  a  list  of  the  genera  which  have  been  observed  in  num- 
bers greater  than  50  per  cubic  centimeter,  and  the  number  of  occasions 
on  which  this  figure  was  exceeded. 

TABLE  No.  34. — Numbek  of  Organisms,  Expressed  in  Standard  Units 
PER  Square  Centimeter,  Upon  the  Surface  of  Certain  Filters. 


Filter. 

Lawrence 
City  Filter. 

Mount 
Vernon,  N.  Y. 

Pittsburg, 
Bed  No.  1. 

FOUGH- 

keepsib. 

Date  of  Examination. 

April  12, 1900 

April,  1900. 

May  4,  1900. 

April  10, 1900. 

Diatomacem— 

Cyclotella  

4  000 

4  000 
32  OOn 

4  000 
24  000 

4  000 

20  000 

108  000 

14  000 

Oomphonema. 

80  000 
30  000 
160  000 

12  000 

6  000 

1  092  000 

12  000 

Navicula 

21  000 

35  000 

A-sterionella. . 

700  000 
10  000 
50  000 

CymbeJla 



Fragilaria 

Eunotia 

7  666 

Surirella 

7  000 

Coscinodiscus 

7  000 

1          7  000 

Meridion 

14  000 

Chlorophyceoe  — 

Clostprium 

10  000 
10  000 

Cosmarium 

14  000 

Cyanaphycece— 
Coelosphoeriu  m 

150  000 

Oscillaria 

14  000 

Schizomycetvs  — 
Crenothrix 

20  000 

10  000 
10  000 
10  000 
10  000 

90  000 

Protozoa— 

4  000 

Ciliata  ,       

Vorticella. 

7  000 

RotiferaJ           

Aniircea. 

10  000 
10  000 

Rotifer  . 

4  000 
4  (lOO 

Other  organisms— 

Anguillula  . 

10  000 
10  000 



Total  organisms.... 

84  000 

1  320  000 

1  320  000 

147  000 

Not  only  are  there  comparatively  few  organisms  in  the  appHed 
water,  but  few  organisms  seem  to  grow  upon  tbe  sand  or  in  the  water 
above  the  sand.  With  the  filter  ojserated  intermittently,  heavy  growths 
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of  alg:e  upon  the  sand  would  not  be  expected,  as  the  drj'ing  of  the  Mr.  Whipple, 
sand  surface  would  not  be  favorable  to  them.  Recently,  however,  the 
filter  has  been  operated  continuously,  thus  giving  opportunity  for  such 
growths  to  occur,  but,  even  now,  the  schmufzdecke  contains  compara- 
tively few  organisms.  During  the  year  1900,  through  the  kindness  of 
Mr.  A.  H.  Salisbury  and  Mr.  M.  F.  Collins,  the  writer  had  the  oppor- 
tunity of  examining  samples  of  scum  from  the  Lawrence  filter  at 
frequent  intervals.  All  the  samples  were  noted  for  their  paucity  of 
microscopic  organisms.  The  largest  number  was  found  on  June  29th, 
1900,  after  the  bed  had  been  in  use  34  days.  On  that  date  there  were 
200  000  organisms  per  square  centimeter  of  sand  surface.  The  smallest 
number  was  16  000  per  square  centimeter,  on  May  8th,  after  the  bed 
had  been  in  use  25  days.  These  figures  practically  rejDresent  the 
organisms  strained  from  the  water,  rather  than  a  growth  on  the  sand, 
and  are  so  low  that  they  are  far  from  being  the  controlling  factor  in 
determining  when  a  bed  mast  be  scraped.  It  is  probable  that  they 
affect,  but  little,  the  cost  of  scraping.  In  order  to  give  an  idea  of  the 
number  of  organisms  that  may  be  found  iipon  the  surface  of  a  filter. 
Table  No.  34  has  been  prepared  from  the  examination  of  scum  samples 
made  during  the  year  1900. 

TABLE  No.  35. — Number  of  Microscopic  Organisms  in  the  Water 
OF  THE  Distributing  Reservoir  at  Lawrence. 


1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

January 

9 

10 

11 

20 

0 

23 

0 

February  

7 

9 

23 

4 

2 

24 

904 

March 

4 

7 

24 

2 

78 

4 

1  386 

April 

27 

24 

55 

85 

604 

5 

May 

12 

66 

71 

14 

85 

0 

June 

19 

10 

18 

40 

1 

57 

44 

July 

196 

74 

135 

214 

136 

156 

August 

46 

56 

70 

91 

189 

27 

8 

September 

57 

26 

52 

147 

570 

1  717 

22 

October 

90 

143 

12 

10 

464 

2 

120 

November 

60 

47 

31 

12 

7 

21 

20 

December 

37 

33 

5 

1 

4 

0 

10 

Average 

47 

48 

37 

49 

135 

225 

223 

List  of  prominent  organisms. 

Number  of  i;imes  in  which  the  organ- 
isms exceeded  50  per  cubic  centi- 
meter. 

Crenothrix  (leptothrox)                                   

6 

12 

Synedra 

2 

Cyclotella 

1 

1 

1 

At  times  the  numbers  rise  to  5  000  000  and  even  10  000  000  per 
square   centimeter.     Even   in   covered  filters,    as   at   Albany,    N.    Y., 
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Mr.  Whipple,  and  West  Superior,  Wis. ,  numbers  of  more  than  1  000  000  are  some- 
times obtained.  At  West  Superior  Crenothrix  forms  the  bulk  of  the 
growth. 

Apparently,  there  has  been  no  trouble  from  growths  of  microscopic 
organisms  in  the  filtered  water  when  stored  in  the  distributing  reser- 
voir. This  reservoir  is  694  ft.  long,  375  ft.  wide  and  25  ft.  deep,  and 
has  a  capacity  of  40  000  0(10  galls.,  or  about  14  days'  supply.  Yet, 
with  this  comparatively  long  storage,  the  numbers  of  organisms  in  the 
reservoir  water  have  been  singularly  low.  Table  No.  35,  compiled 
from  the  published  reports  of  the  Massachusetts  State  Board  of 
Health,  shows  that  no  extensive  growths  have  occurred. 

No  results  have  been  published  since  1896,  and  that  fact  may  be 
taken  as  an  indication  that  no  trouble  has  been  caused  by  odor- 
producing  organisms.  Since  the  installation  of  the  filter  there  has 
been  an  improvement  in  the  odor  of  ihe  water  in  the  distributing 
reservoir  The  "mouldy"  and  "faint,  musty"  odors  have,  to  a 
large  extent,  disappeared,  and,  at  the  present  time,  the  water  often 
has  no  odor. 

It  should  be  observed,  however,  that  since  the  installation  of  the 
filter  in  1893,  the  organisms  have  shown  a  slight  tendency  to  increase 
(this  is  especially  true  in  the  case  of  Crenothrix),  and,  even  if  the 
figures  are  still  too  low  to  be  of  jDractical  importance,  it  is  to  be  hoped 
that  in  the  interests  of  Science,  the  State  Board  of  Health  will  con- 
tinue to  make  these  observatioDs. 

In  reference  to  the  bacteria  in  the  filtered  water,  the  authors  men- 
tion the  fact  that  the  numbers  in  the  distributing  reservoir  are  often 
higher  than  those  in  the  effluent  after  passing  through  the  filter,  or  in 
the  service  taps  in  the  city.  They  suggest  as  a  reason  that  the 
increase  may  be  due  to  bacteria  entering  the  open  reservoir  from  the 
air,  or  to  the  development  of  bacteria  in  the  water.  In  the  writer's 
opinion,  these  causes  do  not  account  for  the  large  numbers  often 
noticed,  and  he  is  inclined  to  the  belief  that  the  oftentimes  exces- 
sively high  numbers  may  be  attributed  to  local  contamination  of  the 
reservoir  samples.  The  reports  of  the  State  Board  of  Health  state 
that  these  samples  are  collected  from  a  tap  m  the  effluent  gate- 
house. It  may  easily  happen  that,  with  a  pipe  used  as  little  as 
this  one  undoubtedly  is,  abnormal  results  may  be  obtained.  If 
this  be  the  case,  the  bacterial  results  of  the  reservoir  water  are  of  little 
value,  and  the  authors  are  justified  in  omitting  the  results  from  their 
table. 

The  general  decrease  in  the  number  of  bacteria  in  the  pipes  of  the 
distributing  system,  and  the  occasional  increase  during  the  summer 
correspond  with  what  has  been  observed  elsewhere.  Apparently,  this 
summer  increase  is  due  to  the  growth  and  decay  of  organisms  in  the 
pipes. 
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LoTJisL.  Tribus,  M.  Am.  Soc.  C.  E.    (by  letter).— Every  few  years  Mr.  Tribus. 
tlie  world  takes  up  a  new  fad:  sometimes  useful;  sometimes  foolish. 
Some  inisli  it  to  the  extreme,  but,  in  time,  the  good  in  it  becomes 
accepted  and  it  reaches  its  true  position  in  life's  economy. 

In  sanitary  science  the  ruling  fad  of  the  present  is  filtration,  and 
it  possesses  so  much  of  inherent  merit  as  almost  to  justify  the  furor; 
still  we  do  not  need  to  run  wild  over  it,  or  consider  it  as  the  universal 
panacea,  as  is  a  tendency  to-day. 

The  past  two  decades  have  indeed  marked  wonderful  advancement 
in  the  subject.  At  the  beginning  of  that  period,  with  a  few  excep- 
tions, filtration  meant  only  a  straining  out  of  suspended  matters; 
nothing  was  thought  of  any  organic  purification. 

Many  were  the  filter  tanks  and  hollow  porous  walls  filled  with  sand, 
gravel  or  charcoal,  used  to  strain  out  the  vegetable  growths  and  silt; 
becoming  in  themselves,  because  usually  very  improperly  cared  for, 
the  breeding  places  for  organisms  more  harmfiil  than  all  the  matters 
removed. 

Occasionally,  however,  some  systems  did  approximate  to  the  more 
accepted  forms  of  the  j^resent ;  the  Poughkeepsie  plant,  designed  by  Mr. 
Kirkwood,  being  noteworthy;  though  its  bacterial  action  was  not  con- 
sidered at  all  as  a  factor,  until  probably  after  the  Lawrence  plant  was 
inaugurated. 

The  chemist  and  the  biologist  have  contributed  a  great  deal  of  in- 
formation as  to  Nature's  method  of  action,  and  the  public  at  large  has 
even  adojjted  and  uses  glibly,  the  terms  "bacterial  life,"  "nitrifying 
organisms,"  "colonies  of  germs,"  etc.,  as  if  it  thoroughly  understood 
the  whole  subject. 

Many  systems  of  treatment  have  been  taken  up,  especially 
abroad,  biit  they  all  gradually  crystallize  into  the  two,  "slow" 
sand  and  "rapid"  sand  with  chemical  assistance;  while  results  and 
efficiencies  have  been  claimed  at  times  scarcely  within  the  realm  of 
reason. 

Still,  great  actual  progress  has  been  made,  and  greater  intelligence 
is  being  daily  brought  to  bear  in  the  application  of  the  i^rmciples  con- 
cerned. 

Percentages  are  dangerous  forms  of  comparison,  yet  there  seems  to 
be  no  better  method  at  times.  In  speaking  of  the  removal  of  bacteria 
it  may  often  be  very  misleading.  For  instance:  99  would  seem  to  be 
a  high  figure,  yet  9^%  removal  from  water  carrying  5  OOU  bacteria  i^er 
cubic  centimeter  gives  no  better  result  than  95%  from  water  carrying 
1  OOL)  per  cubic  centimeter;  in  each  case  50  per  cubic  centimeter  re- 
maining in  the  effluent. 

The  writer  has  no  better  method  to  propose,  but  simply  calls 
attention  to  the  danger  of  blindly  specifying  percentages,  as  is  fre- 
quently done.     Each  case  needs  to   be  treated  according  to  its  own 
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Mr.  Tribus.  special  local  conditions  and  not  bv  any  general  rule,  which  is  very 
often  particularly  inapplicable. 

The  secret  of  success  of  any  filter  is  not  its  percentage  of  bac- 
terial removal,  but,  through  careful  operation,  not  alone  careful 
design,  the  removal  of  all  dangerous  germs;  this  removal  does  not 
mean  elimination  of  all  bacteria,  for  many  are  entirely  harmless 
to  the  human  system,  but  the  intelligent  propagation  of  those  which 
are  harmless  that  shall  aid  in  the  destruction  of  those  which  are 
harmful. 

It  certainly  is  not  taking  too  advanced  a  stand  to  say  that  every 
water  that  requires  filtration  to  free  it  from  polluting  matters  should 
be  filtered  tinder  the  constant  care  and  daily  examination  of  one  trained 
in  biological  research  as  well  as  common  sense. 

In  the  discussion  of  this  paper  the  decreased  death  list  from  typhoid 
is  shown  clearly,  both  at  Lawrence  and  elsewhere,  consequent  on 
such  installations,  but,  to  demonstrate  the  point,  we  need  not  give  all 
the  credit  to  the  engineer  and  the  biologist. 

When  the  fact  became  thoroughly  demonstrated  that  typhoid  was 
a  filth-germ  disease,  cities  began  to  cleanse  the  districts  from  which  it 
was  likely  to  emanate,  and  so  lessened  materially  the  numbers  of  cases. 
Then  a  far  better  comprehension  of  the  disease  itself  brought  more 
efiicient  treatment  by  physicians,  thus  cutting  down  the  proportion  of 
deaths  to  cases. 

The  same  causes  that  induce  a  community  to  seek  a  purer  water 
supi^ly,  if  it  be  needed,  are  the  ones  that  are  eifective  from  the  sanitary 
and  medical  standpoints  as  well.  The  result  attained  is  to  be 
applauded,  and  filtration  is  justly  entitled  to  a  goodly  shave  of  the 
credit  in  the  places  where  it  has  been  established. 

The  financial  value  of  the  factor  "  saving  of  lives,"  because  of  im- 
proved municijial  conditions,  is  not  often  appreciated. 

Taking  at  Lawrence  the  average  total  deaths  from  tyjihoid  for  six 
years  before  and  six  years  after  the  construction  of  the  filter  plant,  as 
given  in  the  paper,  of  53  and  14  per  year,  respectively ;  cutting  down 
the  53  average  by  one-third,  to  represent  better  medical  and  sanitary 
conditions,  to  say  35,  compared  with  the  14,  shows  a  saving  of  21 
lives  per  year  at  least,  creditable  to  filtration  of  the  supjjly;  allowing 
^15i)  per  year,  as  a  low  estimate  of  net  gain  to  the  community  for  each 
inhabitant;  multiplying  by  the  21  equals  !$3  150,  the  net  saving  in  the 
first  year.  In  twenty  years,  a  reasonable  period  to  take  for  productive 
human  life,  the  aggregate  net  earnings  of  the  21  persons  saved  each 
year,  would,  without  any  interest  being  added,  equal  §660  000,  or  an 
average  of  ^33  000  per  year  that  could  be  spent  for  interest,  sinking 
fund  and  maintenance  of  the  filter  plant,  without  exceeding  the  real 
financial  value  of  the  service  to  the  community;  as  against  say  $15  000 
or  $16  000  for  the  same  items  actually  spent  at  Lawrence. 
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The  420  persons  saved  from  death  would  also  make  an  interesting  Mr.  Tribus. 
exhibit. 

Did  city  officials,  or  the  people  as  a  whole,  more  generally  under- 
stand and  realize  these  facts,  sanitation  and  purification  would 
receive  much  more  attention  than  has  been  or  is  even  now  being 
given  to  the  case. 

While  endorsing,  without  any  qualification,  filtration  of  water 
siipplies,  whenever  polluted,  it  would  seem  that  there  can  be  no  ques- 
tion that,  if  a  source  of  supply  free  from  contaminating  influences  can 
be  secured,  such  source  is  to  be  pi'eferred  in  comparison  even  with 
the  best  methods  of  artificial  purification  possible;  conditions  of  con- 
structive and  operative  costs,  permanence  and  accessibility  for  inspec- 
tion being  equal. 

Bearing  on  that  statement,  in  1895  the  State  Board  of  Health  of 
Massachusetts,  reporting  on  a  new  sujiply  for  the  Metropolitan  Dis- 
trict, after  estimating  that  a  filtered  supply  from  the  Merrimac  Eiver 
could  be  secured  for  less  money  (including  operations,  capitalized), 
than  any  other  source  considered,  stated,  that  though  it  had  been 
shown  by  the  works  at  Lawrence  (built  from  Mr.  Mills'  plans  and  de- 
scribed in  the  paper  under  discussion),  that  "waters  as  polluted  as 
those  of  the  Merrimac  can  be  eflfectually  filtered  and  rendered  safe  for 
domestic  use,"  yet  its  conclusion  was  that  "in  the  opinion  of  the 
Board  it  will  be  better  to  pay  103*0  more  for  a  suj^ply  from  a  source 
that  has  not  been  polluted."  Such  a  source  was  supposed  to  have 
been  found. 

It  is  not  always  possible  for  our  cities  to  secure  such  uncontami- 
nated  supplies,  even  by  those  having  large  capital,  and  therefore 
aliility,,  to  go  great  distances;  hence,  the  tremendous  importance  of 
filtration  and  its  possibilities,  and  the  great  value  of  such  conscientious 
investigation  and  pioneer  construction,  as  described  in  this  paper. 

John  H.  Gkegoby,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  Mr.  Gregory, 
authors  are  to  be  congratulated  on  presenting  such  a  complete  history 
of  the  construction  and  operation  of  the  filter  which  has  contributed 
so  greatly  to  the  advancement  of  water  purification  in  this  country. 
Various  questions  relating  to  the  design  and  operation  of  the  filter  have 
been  too  ably  discussed  by  others  for  the  writer  to  add  anything  on 
these  points,  but  a  comparison  of  the  costs  of  operation  of  the  Law- 
rence filter  with  other  filters  may  not  be  amiss.  Such  figures  as  are 
readily  available  have  been  compiled  and  are  well  worthy  of  careful 
study  by  those  interested  in  the  oj^eration  side  of  the  question. 

In  one  of  the  tables  presented  by  the  authors,  the  total  costs  charged 
to  various  items  are  given.  In  order  to  reduce  these  to  a  basis  for 
comparison  with  other  plants,  the  figures  have  been  worked  over,  using 
as  a  unit  the  cost  per  million  gallons.  The  results  are  given  in  Table 
No.  36. 
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Mr.  Gregory.  TABLE   No.  36. — ITEMIZED   STATEMENT   OF  CoST   OF   OPEKATION  OF   THE 

Lawkence  Filter,  per  Million  Gallons,  1895-1900. 


Items. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

Scraping  ... 

[  $2.45 
1.37 
0.96 
2.68 
0.43 

)  'IS 

1.07 
1.92 
2.14 
0.45 

$1.73 
0.74 
1.94 
1.72 
2.06 
0.75 

$1.60 
0.25 
1.37 

2:87 
0.59 

$1.76 
1.08 
1.26 
1.24 
1.97 
0.43 

$1  76 

Scraping  and  sanding 

1  03 

Conveying 

1  16 

Washing 

1  25 

Removal  of  snow  and  ice .... 

1  93 

General 

0  60 

Total 

$7.79 

5.11 

1040 

$8.14 

6.00 

1  100 

$8.96 
6.90 
1130 

$8.00 
5.13 

1210 

1170 

$7.73 

Total,  minus  snow  and  ice 

Pumpage,  million  gallons 

5.80 
1210 

The  average  total  cost  of  filtration  for  the  six-year  period  was  S8.05 
per  million  gallons.  The  average  cost  of  removing  snow  and  ice  for 
the  same  period  was  $2.27,  and  deducting  this  from  the  total  cost  leaves 
$5.78  as  the  average  cost  per  million  gallons,  minus  snow  and  ice. 

In  Table  No.  36,  the  costs  of  suj^erintendence  and  bills  are  charged 
to  the  various  items.  In  order  to  separate  these  items,  and  thus  obtain 
the  cost  of  labor  for  the  various  operations,  the  authors  have  kindly 
furnished  the  writer  with  the  figures  for  1900,  from  which  the  following 
and  other  tables  have  been  deduced. 

TABLE  No.  37. — Itemized  Statement  of  Cost  of  Operation  of  the 
Lawrence  Filter,  per  Million  Gallons,  fob  1900. 


■  Item. 

Cost. 

Percentage 
of  cost. 

Scraping  (labor)                               

$1.50 
0.90 
1.02 
0.94 
1.56 
0.38 
0.91 
0.52 

19 

Scraping  and  sanding  (labor ) 

12 

Conveying  (labor) 

13 

Washing  (labor) 

12 

Removal  of  snow  and  ice  (labor) 

20 

5 

12 

Bills 

7 

Total                                                  

$7.73 

100 

Pumpage,  million  gallons 

IS 

10 

In  a  paper  recently  read  before  the  American  Water-Works  Associa- 
tion, the  cost  of  operation  of  the  Albany  filters  from  July  26th,  1899, 
to  December  29th,  1900,  was  given  by  Mr.  George  I.  Bailey.  The 
figures  are  presented  in  Table  No.  38.  In  this  table  the  cost  of  super- 
intendence and  supplies  is  charged  to  the  various  items,  but  the  cost 
of  maintaining  the  laboratory  is  not  included. 
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TABLE  No.  38. — Itemized  Statement  of  Cost  of  Opeeation  of  the  Mr.  Gregory. 
Albany  FrLTERS,  peb  Million  Gallons,  1899-1900,  501  Days. 


Item. 

Cost. 

Percentage 
of  cost. 

Sera  in 

$0.24 
0.45 
0.32 
0.13 
0.10 
0.42 

14 

27 

Refilling              

20 

Incidentals                                               

8 

6 

25 

Total                                         

$1.66 

100 

Amount  filtered  million  gallons 

6  463 

In  order  to  make  a  comparison  with  the  Lawrence  figures  for  1900, 
Table  No.  37,  in  which  the  cost  of  labor  is  given,  Mr.  Bailey  has  kindly 
furnished  the  writer  with  figures  from  which  Table  No.  39  has  been 
deduced. 

TABLE  No.  39. — Itemized  Statement  of  Cost  of  Operation  of  the 
Albany  Filters,  pee  Million  Gallons,  1899-1900,  501  Days. 


Item. 

Cost. 

Percentage 
of  cost. 

$0.16 
0.30 
0.22 
0.27 
0.09 
0.07 
0.33 
0.18 
0.04 

10 

Wheeling  out  (labor) 

18 

13 

16 

6 

Lost  time  (labor)                                                        

4 

20 

Supplies 

11 

Wash  water           ... 

2 

Total 

$1.66 

100 

million  gallons 

Amount  filtered 

64 

63 

In  comparing  the  labor  costs  at  Lawrence  and  Albany,  it  should  be 
stated  that  laborers  are  jjaid  $2  for  a  day  of  8  hours  at  Lawrence,  and 
$1.50  for  the  same  time  at  Albany. 

The  oldest  filter  plant  in  the  United  States,  from  which  reliable 
figures  are  available,  is  at  Poughkeepsie,  N.  Y.  In  Table  No.  40  is 
given  the  cost  of  operating  this  plant  from  1877  to  1900,  a  period  of  24 
years.  These  figures  have  been  compiled  from  the  annual  reports  of 
the  Board  of  Water  Commissioners  of  Poughkeepsie.  The  writer  has 
endeavored,  as  far  as  possible,  from  the  information  given  in  the 
reports,  to  separate  such  costs  as  should  be  charged  to  construction, 
and  to  include  in  the  table  only  those  relating  to  operation.     This  is 
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Mr.  Gregory.  TABLE   No.  40. — ITEMIZED   STATEMENT  OF   CoST   OF   OPEBATION   OF 


Items. 

1877. 

1878. 

1879. 

1880.1  1881. 

1883. 

1883. 

1884. 

1885. 

1886. 

1887. 

New  sand 

$0.13 

$0.98 
1.82 

$6.68 
1.91 

$0.75 
1.65 

$0.64 
1.83 

$1.17 
2.14 

$0.80 

$0.45 
1.01 

$1.37 
1.8P 
1.16 

\    $1.23' 

Washing 

Replacing |. 

1.46 
0.65 

\  .... 

Repairs 

0.06 

'    6.03 

0.37 

0.14 

0.01 

1.5S^ 

Operation     (so- 
called)     

$1.47 

$3.34 

$2.85 

$3.80 

$3.59,  $2.46 

$3.50 

$3.58 

$2.22 

$5.92 

$1.33 

Total,  minus  snow 
and  ice  . . 

'■■■     1 

Pumpage,     million 

569 

529 

536 

513       557 

508 

» 

496 

591 

634 

645 

1  Includes  cost  of  removing  ice. 

-  Old  sand  all  removed  and  washed. 

2  Includes  so-called  cost  of  operation. 

*  Includes  cost  of  construction  of  bridges. 

stated  here,  inasmuch  as  the  writer's  figures  may  not  agree  exactly 
with  those  which  others  may  have  deduced.  For  example,  Mr.  Charles 
E.  Fowler,  Superintendent  of  the  Poughkeepsie  Water- Works,  stated, 
in  a  paper  read  before  the  New  England  Water-Works  Association 
in  189S,  that  the  average  cost  of  maintenance  and  operation,  for  a 
period  of  20  years  from  1877  to  1896,  inclusive,  was  $2.99  per  million 
gallons.  The  figure  as  deduced  by  the  writer  for  the  same  j^eriod 
would  be  S2.92  per  million  gallons,  the  difierence  between  the  two 
being  due,  as  stated  above,  to  the  charging  of  certain  costs  to  con- 
struction. 

The  average  total  cost  of  operation  at  Poughkeepsie  for  the  period 
covered  by  Table  No.  40,  1877  to  1900,  inclusive,  has  been  $3.27  per 
million  gallons.  Daring  the  last  three  years  only,  1898  to  1900, 
inclusive,  has  the  cost  of  removing  snow  and  ice  been  reported  sep- 
arately. This  cost  has  averaged  $0.47  per  million  gallons,  and  deduct- 
ing this  from  the  total  average  cost,  $2.42,  for  the  same  period,  leaves 
$1.95  as  the  cost  per  million  gallons  minus  snow  and  ice. 

In  a  recent  number  of  Engineering  News  was  published  the  cost 
of  operating  the  filters  at  Mt.  Vernon,  N.  Y.  These  figures  have  been 
reduced  to  the  basis  of  cost  per  million  gallons,  and  are  given  in 
Table  No.  41. 

The  average  total  cost  of  filtration  for  the  six  years,  1895  to  1900, 
inclusive,  has  been  $3.16  per  million  gallons.  For  the  last  five  years, 
1896  to  1900,  inclusive,  the  average  total  cost  has  been  $3.33  per 
million  gallons,  and  deducting  from  this  the  average  cost  of  removing 
snow  and  ice  for  the  same  period,  .$0.35,  leaves  $2.98  as  the  average 
cost  per  million  gallons,  minus  snow  and  ice. 
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THE   POUGHKEEPSIE   FILTERS,    PEE   MiLMON    GALLONS,  1877-1900.  Mr.  Gregory. 


1888. 

1889. 

1890. 

1891.      1892. 

1893. 

1894. 

1895. 

1896.« 

1897. 

1898. 

1899.    1900. 

$1  21 

H 

0.93 

$5.63 
0.67 

! 

{,.33. 

il.76. 

i 1.40^1   1.81  [ 

$1.05 

$1.19 
■|0.85 

$1.03   $1.31 

3.50» 
0.3V 

$2.88^ 
0.46 

0.56      0.82 

1 

0.48 

0.36     0.60 

0  14 

0.31 

1.76 

0.04  1   0.40^* 

0.14 

0.11 

0.22 

3.22 

6.42« 

i     0  12^ 

$2.98 

S1.47 

$2.07 

$4.00 

$1.44    $3.42 
1 

$4.53 

$3.56 

$4.27 

$12.72 

$2.52 

$2.04 
$1..55 

611 

$1.95   $2.85 

1 
$1.59  $2.25 

$1.34   $1.47 

609         572 

603 

628     j     696         667 

,34. 

687' 

664' 

615 

717       653 

'  Includes  cost  of  new  sand  washer. 

'  Repairs  co  old  bed  and  inlet  basin,  and  removal  and  wasting  of  old  sand. 

'  Exclusive  of  leakage. 

'  Cost  of  tools  only. 

'New  bed  built,  and  put  in  operation  December  17th,  1896. 


TABLE  No.  41. — Itemized  Statement  of  Cost  of  Operation  of  Mt. 
Vernon  Filters,  per  Million  Gallons,  1895-1900. 


Items. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

$1.99 

$1.90 

$1.32 

Cleaning  beds 

$1.35 

$1.85 

1.43 

0.24 

O.-'iO 
0..^2 
0.21 
0.05 

0.50 
0.49 
0.42 
0.04 

0  75 

Placing  sand  on  beds 

Removing  ice 

0.03 
0.06 

$0.81* 

0  21 

6.02 

0.10 

Total 

$2.01 

$1.99 
1.96 
608 

$2.63 
.2.42 
646 

$3.30 
2.88 
686 

$4.45 
3.64 
726 

$4.05 
3.84 

Consumption— MilUon  gallons.. 

493 

679 

Only  one  item  reported. 


For  comparing  conveniently  tbe  average  cost  of  operating  tlie  four 
plants,  Table  No.  42  has  been  compiled. 

Passing  now  from  a  study  of  the  cost  of  operation  to  a  study  of  the 
work  in  detail,  some  very  interesting  figures  relating  to  the  Albany 
and  Lawrence  plants  can  be  deduced.  The  figures  from  which  the 
deductions  of  the  Albany  plant  have  been  made,  are  taken  from  Mr. 
Bailey's  i^aper,  and  the  writer,  being  well  acquainted  with  the  condi- 
tions at  Albany,  has  made  an  analysis  of  these  figures,  the  results  of 
which  are  given  in  Tables  Nos.  43  to  46. 
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Mr.  Gregory.  TABLE  No.  42. — CoMPAKisoN  OF  CosT  PEK  Million  Gallons  of 
Operation  of  Filtebs  at  Law-rence,  Albany,  Poughkeepsie  and 
Mt.  Vernon. 


Lawrence 

Albany. 

Poughkeepsie. 

Mt.  Vernon. 

1895-1900. 
6  years. 

1899-1900. 
501  days. 

1877-1900. 
24  years. 

1898-1900. 
3  years. 

1895-1900. 
6  years. 

1896-1900. 
5  years. 

Average  total  cost 

$8.05 
2.27 

5.78 

$1.66 

$3.27 

$2.43 
0.47 
1.95 

$8.16 

$3  33 

Average  cost  of  removing 
snow  and  ice 

0  35 

Average  cost,  minus  snow 

3.98 

TABLE  No.  43. 


-Detailed  Statement  of   Scraping  of  the   Albany 
Filters,  1899-1900,  501  Days. 


Hours  of 
labor. 

Cubic 
yards. 

Barrows. 

Cost  of 
labor. 

Total 

5  481 
43.3 
61.4 
tl.41 
0.69 

7  942 

*89;o 

2.04 

100  145 
789 
1  121 
25.8 
12.6 
18.3 
146 
155 

$1  047.35 

8.25 

"  acre 

11.73 

"  1000  sq.  ft 

0.37 

"  cubic  yard    

0.13 

"  hour  of  labor 

i.45 
11.6 
1.23 

0.16 

*  Average  thickness  removed,  0.66  in 
1 1.41  hours  per  1  000  sq.  ft.  -  710  - 
sq.  ft.  per  8  hours. 


m.  =  ^^  in.  =  0.055  ft.  approximately, 
sq.  ft.  per  hour  =  11.8  sq.  ft.  per  minute  =  5  680 


Scraping  includes  the  removal  of  covers  from  the  ventilator  shafts 
in  the  vaulting,  and  the  scraping  into  piles  of  the  dirty  sand  from  the 
surface  of  the  bed. 

TABLE    No.   44. — Detailed    Statement   of  Wheeling   out  at    the 
Albany  Filters,  1899-1900,  501  Days. 


Hours  of 
labor. 

Cubic 
yards. 

Barrows. 

Cost  of 
labor. 

Total 

10  238 
80.6 
115 
2.64 
1.39 

7  942 
62.5 

2.04 

100  145 
789 
1  121 
25.8 
12.6 
9.8 
78 
15.5 

$1  956.88 

Per  bed  (0.7  acre,  approx.) 

15.41 

31.93 

"    lOOOsq.  ft 

0..50 

"    cubic  yard. 

0  35 

If 

1.23 

"    8  hours  of  labor 

"    million  gallons  filtered. 

0  30 
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Wheeling  out  includes  the  handling  of  the  running  plank,  shovel-  Mr.  Gregory 
ing  the  scraped  material  into  wheel-barrows  and  removing  it  to  the 
court,  raking  and  screeding  the  bed,  and  replacing  the  covers  on  the 
ventilator  shafts.     The  average  round  trip  distance  for  removing  the 
sand  is  about  500  ft. 

During  the  last  five  months  that  the  writer  was  connected  with 
the  construction  of  the  Albany  plant,  the  filters  were  put  in  opera- 
tion one  after  another,  as  soon  as  completed,  and  the  opportunity  was 
afi'orded  of  keeping  a  force  account  of  all  the  operations.  Mr.  Bailey's 
figures  cover  all  those  obtained  by  the  writer,  but  in  those  of  Mr. 
Bailey  the  cost  of  raking  and  screeding  the  surface  of  the  sand  just 
prior  to  refilling  and  starting  a  run  is  included  in  the  cost  of  wheeling 
out.  For  a  portion  of  the  time  the  writer  kept  these  figures 
separately,  and,  as  they  are  of  interest,  they  are  given  in  Table 
No.  45. 

TABLE  No.  45. — Detailed  Statement  of  Baking  and  Sckeeding  the 
Albany  Filtees,  1899. 

Hours  of  labor  per  bed  (0.7  acre,  approx.) 22.6 

"       "       "        "   acre 32 . 2 

"       "       "        "    1  000  sq.  ft 9.74 

Square  feet  per  minute  of  labor 22  5 

"         "       "    hour  of  labor 1352 

"       "    8  hours  of  labor 10  810 

Cost  of  labor  per  bed ^4.25 

"     "       "       "     acre 6.05 

"     "       "       "     1000  sq.  ft 0.14 

In  Tables  Nos.  43  and  44  the  details  of  scraping  and  wheeling  out 
at  the  Albany  filters  have  been  given  separately.  In  order  to  com- 
pare the  relative  rates  of  work  at  Albany  and  Lawrence,  these  two 
tables  have  been  combined  in  one.  Table  No.  46,  covering  what  may  be 
called  cleaning  the  filters,  and  including  all  the  oi^erations  mentioned 
under  the  heads  of  scraping  and  wheeHng  out. 

TABLE  No.  46. — Detailed    Statement  of   Cleaning   (Scraping  and 
Wheeling  out)  of  the  Albany  Filters,  1899-1900,  501  Days. 


Hours  of 
labor. 

Cubic 

yards. 

Barrows. 

Cost  of 
labor. 

Total 

15  719 
124 
176 
*4.05 
1.98 

7  942 
62.5 
89.0 
2.04 

100  145 
789 
1  121 
25.8 
12.6 
6.4 
51 
15.5 

$3  004.23 
23.66 

Per  bed  (0.7  acre,  approx.) 

"    acre 

33  65 

"     1000  sq.ft... 

0  77 

"    hour  of  labor 

0.50 
4.0 
1.23 

"    8  hours  of  labor 

*  4.05  hours  per  1  000  sq.  ft 
ft.  per  8  hours. 


247  sq.  ft.  per  hour  =  4.1  sq.  ft.  per  minute  =  1  980  sq. 
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Mr.  Gregory.  The  ijrocess  of  scraping  at  Lawrence  includes,  as  the  authors 
state,  the  scraping  up  of  the  dirty  sand,  its  removal  to  the  bank  by 
wheel-barrows,  and  the  raking  and  screeding  of  the  bed.  It  will  be 
seen  that  this  compares  very  closely  with  what  the  writer  has  called 
cleaning  at  Albany,  as  the  distance  the  dirty  sand  is  wheeled  is  about 
the  same  at  each  place.  The  figures  for  1900  at  Lawrence  are  given 
in  Table  No.  47. 


TABLE  No.  47. 


-Detailed  Statement  of  Sckaping  of  the  Laweence. 
Filter,  1900. 


Hours  of  labor. 

Cubic  yards. 

Cost  of  labor. 

Total 

t5.25 
3.53 

2  350 
*64.7 
1.49 

$1  820.00 
50  08 

Per  acre  

"     lOOOsq.  ft 

1  15 

0  77 

"    hour  of  labor 

0.28 
2.26 
1.94 

"    8  hours  of  labor 

"    million  gallons  filtered 

1  50 

♦Average  thickness  removed,  0.48  in.  =  i^  in.  =  0.04  ft. 

t  5.25  hours  per  1  000   sq.  ft.  =  191  sq.  ft.  per  hour  =  3.2  sq.  ft.  per  minute  =  1  524 
sq.  ft.  per  8  hours. 

TABLE   No.   48. — Comparative  Statement   of  Cleaning  Filters  at 
Lawrence,  Albany  and  Poughkeepsie. 


Lawrence. 
1900. 

AXBANY. 

1899-1900. 

Poughkeepsie. 

Without 
bridges. 

With 
bridges. 

5.25 
3.53 
191 
3.2 

1  524 

$50.08 

1.15 

0.77 

1.50 

176 
4.05 
1.98 

247 
4.1 
1  980 

$33.65 
0.77 
0.38 
0.46 

290 
6.66 

181 

"      "        "     1  000  sq.  ft 

4  17 

Square  feet  per  hour  of  labor  

150 
2.5 
1  200 

240 

minute  of  labor 

4 
1  920 

Cost  of  labor  per  acre.             .... 

"      "      '•        "    1 000  sq  ft.. 

"     "      "       "    million  gallons  . 

At  Poughkeepsie,  prior  to  1886,  and  again  since  1897,  the  filters 
have  been  cleaned  by  the  same  method  as  that  used  at  Lawrence  and 
Albany.  Mr.  Fowler  stated  that  the  labor  required  under  normal 
conditions,  was  one  man  for  each  150  sq.  ft.  of  surface  cleaned  per 
hour,  including  wheeling  and  elevating  to  the  bank.  In  1886  two 
bridges  were  constructed,  spanning  the  two  sections  of  the  bed.  These 
bridges  were  movable,  and,  from  them,  platforms  were  susijended 
a  little  above  the  surface  of  the  sand.  The  men  stood  upon  these 
platforms  and  scraped  up  the  dirty  sand,  throwing  it  on  the  plat- 
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forms.  When  a  portion  of  the  bed  had  been  cleaned,  the  bridges  Mr.  Gregory, 
were  moved  to  one  end  of  the  bed  and  the  sand  was  thrown  up  on  the 
bank.  By  this  process,  under  normal  conditions,  one  man  would 
clean  240  sq.  ft.  of  surface  per  hour.  The  cost  of  labor  at  Pough- 
keepsie  was  not  given,  but  these  figures,  with  others  derived  from 
them,  are  compared  in  Table  No.  48  with  corresisonding  ones  at  Law- 
rence and  Albany. 

In  Tables  Nos.  49  and  50   will  be  found  the  details  of  the  sand- 
washing  operations  at  Lawrence  and  Albany. 


TABLE  No.  49. 


-DETAUiED  Statement  of  Washing  Sand  at  the 
Lawrence  Filter  in  1900. 


Hours  of  labor. 

Cubic  yards. 

Cost  of  labor. 

Total 

5  152 
1.72 

3  000 

""oM 

4.t)6 

$1  130.00 

0.38 

"    hour  of  labor 

0  94 

*  Wash  water  per  cubic  yard  of  sand 

*  Wash  water,  10  volumes  of  water  per  volume  of  sand  =  270  cu.  ft.,  or  2  020  galls,  of 
water  per  cubic  yard  of  sand. 


TABLE  No.  50.  — Detailed  Statement  of  Washing  Sand  at  the  Albany 
Filters,  1899-1900,  501  Days. 


Hours  of 
labor. 

Cubic 
yards. 

Barrows. 

Cost  of 
labor. 

Total      

8  923 
1.57 

5  673 

""OM 
5.1 

83  299 
14.7 
9.3 
75 

$1  706.25 
0  30 

"    8  hours  of  labor 

"    million  gallons  filtered 

0  27 

*  Wash  water  per  cubic  yard  of  sand. . . . 

0.04 

*  Wash  water,  12)^  volumes  of  water  per  volume  of  sand  =  337.5  cu.  ft.  or  8525  galls, 
of  water  per  cubic  yard  of  sand. 


At  Lawrence,  washing  includes  the  screening  of  the  dirty  sand  al 
"the  first  or  traveling  hoj^per  of  the  washer  and  the  transportation 
from  the  draining  boxes  to  the  jDermanent  storage  bank,  together  with 
such  attention  as  the  washer  itself  requires. 

At  Albany,  washing  includes  the  handling  of  scraped  sand  from 
the  storage  piles  to  the  sand  washer,  attendance  on  the  sand  washer 
and  removing  the  washed  sand  to  a  storage  pile. 

At  both  places  the  ejector  type  of  machine  is  used,  the  nozzles  at 
Lawrence  being  horizontal,  while  those  at  Albany  are  vertical. 
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Mr.  Gregory.  The  processes  of  sanding  at  Lawrence,  and  of  refilling  sand  at  Albany 
are  nearly  the  same.  The  authors  state  that  sanding  includes  remov- 
ing the  clean  sand  from  the  storage  bank  to  the  surface  of  the  bed, 
distributing  it  in  layers  and  smoothing  the  siirface,  also  the  labor 
necessary  to  prepare  the  surface  of  the  bed  for  this  operation.  At 
Albany,  refilling  includes  removal  of  washed  sand  from  storage  piles 
into  the  filter,  loosening  the  toj)  layer  of  the  sand  about  6  ins.  deep 
and  leveling  the  new  sand. 

The  work  at  both  places  would  be  directly  comparable  but  for  the 
fact  that  the  Lawrence  figures  include  one  scraping  of  the  surface  just 
prior  to  sanding.  As  the  labor  for  this  is  but  a  small  portion  of  the 
total  charged  to  sanding,  the  writer  believes  that  the  figures  for 
Lawrence  in  1900,  given  in  Table  No.  51,  are  fairly  comparable  with 
those  for  Albany  given  in  Table  No.  52. 


TABLE  No.  51. 


-Detailed  Statement  of  Scraping  and  Sand  of  the 
Lawrence  Filtek  in  1900, 


Hours  of  labor. 

Cubic  yards. 

Cost  of  labor. 

Total 

5  000 
1.47 

3  400 

""b'.m 

5.44 

$1  090.00 

' '    hour  of  labor 

"    8  hours  of  labor 

0.90 

TABLE   No.  52. — Detailed  Statement  or  Refilling   Sand  at  the 
Albany  Filtees,  1899-1900,  501  Days. 


Hours  of 
labor. 

Cubic 
yards. 

Barrows. 

Cost  of 
labor. 

Total 

7  437 
1.31 

5  673 

■■■■6;76 

6.1 

89  031 
15.7 
12.0 
96 

SI  421.15 

0.25 

' '    hour  of  labor 

0.22 

Although  the  cost  of  operation  at  Lawrence  has  been  high,  it 
should  be  remembered  that  the  filter  is  an  uncovered  one,  that  it  is  in 
a  climate  subject  at  times  to  severely  cold  weather,  and  that  it  has  been 
operated  under  rather  disadvantageous  conditions.  But  in  spite  of 
all  this  the  money  has  been  well  spent,  and  the  good  work  accom- 
plished by  it  has  been  recognized  by  engineers,  and  is  fast  being  recog- 
nized by  the  public  at  large. 
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Charles  E.  Fowler,  Esq.*  (by  letter). — In  the  writer's  experience  Mr.  Fowler. 
with  the  open  filters  at  Poixghkeepsie.  covering  a  period  of  twenty 
years,  he  has  not  observed  that  the  delivery  of  the  filters,  immediately 
after  scraping,  was  in  any  wise  affected  by  air  entrained  in  the  sand, 
although  it  was  the  invariable  practice,  until  within  a  few  years,  to 
fill  the  filters  by  flowing  the  water  over  the  sand. 

The  manipulation  of  the  filter  prior  to  and  during  scraping,  how- 
ever, will  affect  the  immediate  delivery  very  materially.  In  fact,  the 
writer  has  known  a  scraping  to  be  performed  in  such  manner  and 
under  such  conditions  as  to  absolutely  stop  the  flow,  and  the  opera- 
tion had  to  be  repeated,  in  different  manner  and  under  different  con- 
ditions, before  any  water  could  be  coaxed  through.  Undue  pressure  or 
head,  habitually  or  frequently  carried,  has  a  strong  tendency  to  jjro- 
duce  the  result  mentioned.  The  practice  of  forking  or  deep  raking 
also  tends  in  the  same  direction.  "With  these  prior  conditions  and  the 
bed  a  little  too  moist  it  will  require  but  a  small  amount  of  inattention 
on  the  part  of  the  person  in  charge,  and  improper  handling  of  the 
shovels  by  the  scrajjers,  to  effect  a  very  material  reduction  in  the 
delivery  immediately  after  scraping.  If  the  bed  is  in  good  order,  the 
immediate  delivery  may  be  varied  by  the  depth  of  sand  removed  in 
scraping,  even  when  the  filling  is  from  below. 

The  maximum  head  allowed  on  the  Poughkeepsie  beds,  during 
recent  years,  is  4  ft.  Sometimes  they  are  scraped  when  the  head  is 
less,  depending  upon  the  rate  of  increase  of  head  and  the  condition  of 
the  applied  water.  Ordinarily,  the  head  immediately  after  scraping  is 
less  than  1  ft. 

It  became  necessary  to  scrape  the  beds  in  April,  last,  when  the 
applied  water  was  in  an  unusually  turbid  condition.  The  head  before 
scraping  was  3.2  ft.  Intentionally,  less  than  the  usual  depth  of  sand 
was  removed,  and  the  head  on  starting  up  was  2.0  ft.,  the  beds  being 
filled  from  below.  The  chief  object  in  filling  these  beds  from  below 
is  to  avoid  furrowing  the  sand  by  the  inflowing  water. 

In  scraping  the  Poughkeepsie  beds,  the  sand  is  not  first  placed  in 
heaps,  as  described  and  illustrated  in  the  paper,  but,  when  lifted  from 
the  surface  by  the  shovels,  it  is  deposited  in  barrows.  Sandals  are 
not  used.  In  smoothing  the  surface  of  the  sand,  after  scraping,  the 
back  of  a  rake  only  is  used.  Even  the  shortest  teeth  are  not  used,  the 
endeavor  being  to  cause  as  little  disturbance  of  the  sand  surface  as 
possible.     Shovels  are  not  allowed  to  be  stuck  vertically  in  the  sand. 

The  minimum  cost  of  scraping  is  about  $46  per  acre,  or  0.12  cent 
I^er  square  foot.  The  men  employed  are  picked  up  for  the  occasion, 
and  are  such  as  do  not  readily  find  employment  elsewhere.  They  are 
about  the  lowest  grade  of  laborers.  The  minimum  number  employed 
is  23,  and  they  occupy  2  days,  of  8  hours  each,  in  scraping  1^  acres. 
*  Superintendent  and  Engineer  of  Public  Works,  Poughkeepsie,  N.  Y. 
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Mr.  Fowler.  Each  man  receives  $1.50  per  day.  The  walls  of  the  basins  are  vertical, 
and  the  top  of  the  coiiiug  is  about  6  ft.  above  the  sand  surface.  The 
cost  of  scraping  given  above  includes  depositing  in  barrows,  wheeling 
to  the  corners  of  basins,  throwing  up  to  top  of  coping  and  trimming 
back  on  pile.  Two  laborers  are  emjiloyed  about  the  beds  and 
grounds,  but  are  not  used  in  scraping.  During  the  intervals  between 
scrapings  these  men  wheel  to  the  storage  pile  the  sand  thrown  up 
from  the  filters. 

It  was  formerly  the  practice  to  wash  the  scraped  sand  and  store  it 
for  i-eplacing;  the  washing  being  done  by  2  to  4  men  through  the 
spring,  summer  and  fall  months.  It  is  the  present  practice  to  store 
the  sand  unwashed,  during  the  year,  and  when  the  time  for  replacing 
arrives,  usually  in  October,  the  sand  is  washed  and  replaced  on  the 
beds  as  washed.  A  much  greater  number  of  men  is  employed,  and  the 
operation  requires  about  16  days  to  wash  and  replace  one  year's  scrap- 
ings on  an  area  of  1^  acres.  The  sand  is  thrown  into  a  hojjper  at  the 
storage  pile  and  forced  by  a  water-jet  to  a  series  of  inclined  troughs 
discharging  into  a  tank  from  which  the  silt  and  dirty  water  overflows, 
and  a  water-jet  at  the  bottom  forces  the  sand  through  a  pipe  to  a  tank 
set  over  one  edge  of  a  bed,  the  water  flowing  off"  at  the  top  and  the 
sand  discharging  in  a  pile  on  the  surface  of  the  bed. 

The  sand  is  distributed  over  the  bed  by  barrows.  There  is  no 
carting,  and  the  only  wheeling  is  on  the  bed.  In  1900  the  cost  of  labor 
for  washing  sand  was  32.2  cents  jier  cubic  yard.  The  cost  of  labor  for 
washing  and  replacing  was  58.4  cents  per  cubic  yard.  The  total 
quantity  washed  and  replaced  was  910  cu.  yds.  The  average  quantity 
per  hour  was  6.78  cu.  yds.,  and  per  day,  54.3  cu.  yds.  All  the  quanti- 
ties given  are  for  clean  sand  measured  on  the  bed.  The  pay  of  the 
laborers  was  $1.50  per  day  of  8  hours. 

The  yearly  cost  of  ice  removal  varies  with  the  thickness  of  the  ice, 
the  number  of  times  taken  ofi",  distance  to  be  removed,  etc  For  the 
three  years  prior  to  1900-01  the  cost  varied  from  $146.61  to  $440.49; 
average,  $281.01.  In  1900-01  the  ice  was  taken  off"  only  once,  and  the 
cost  was  $613.  The  ice  was  much  thicker  than  usual,  averaging  13| 
ins.  on  the  old  bed  and  18  ins.  on  the  new  bed,  each  bed  being  f  acre 
in  area.  The  distance  to  which  the  greater  portion  of  the  ice  was 
removed  was  also  materially  greater.  The  work  was  done  entirely  by 
manual  labor,  and  occuijied  62  hours.  The  minimum  number  of  men 
employed  was  54  and  the  maximum  64.  The  rate  of  pay  was  $1.50  for 
8  hours.  The  men  comprised  all  kinds  of  laborers  who  chanced  to  be 
in  want  of  employment. 

The  ice  was  sawed  in  one  direction  and  broken  by  chisels  in  the 
other,  The  cakes  were  floated  to  a  run  at  the  side  of  the  basin,  and 
pulled  up  by  men  with  pikes.  The  surface  of  the  water  was  main- 
tained as  near  the  coping  as  practicable,  generally  less  than  1  ft  below 
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the  toi).  After  the  cakes  were  lifted  out  they  were  pushed  on  nearly  Mr.  Fowler, 
horizontal  runs  to  the  place  of  deposit.  This  is  the  most  costly  part 
of  the  operation.  The  cost  of  cutting  and  lifting  the  ice  out  of  the 
basins  was  $289.32  for  the  entire  area,  or  $192.88  per  acre.  The  total 
cost  per  acre  of  filtering  area  was  $408. 66.  The  total  cost  per  million 
galloDs  filtered  was  94  cents.  There  is  no  removal  of  snow  other  than 
with  the  ice.  The  ice  covering  the  beds  is  not  allowed  to  touch  the 
sand  at  any  time  if  it  can  be  avoided. 

William  B.  Fcllek,  M.  Am.  Soc.  C.  E.  (by  letter). — Thanks  are  Mr.  w.  B. 
due  to  the  authors  for  their  painstaking  labor  in  comiiiling  and  mak- 
ing available  these  data  concerning  the  Lawrence  filter;  for  it  is  by  a 
study  of  such  tlata  from  existing  jjlants  that  we  can  hope  to  improve 
the  efficiency  of  and  decrease  the  expenditures  on  future  works  of  this 
kind. 

In  applying  the  experience  gained  at  Lawrence  to  other  places,  it 
must  be  borne  in  mind,  however,  that  the  conditions  there  are  not 
such  as  are  likely  to  occur  at  many  other  localities;  two  factors,  espe- 
cially, contributing  to  this  result,  namely,  the  extreme  pollution  of 
the  river  and  the  small  amount  of  turbidity.  Both  of  these  factors 
are  very  favorable  to  high  efficiency  in  slow  sand  filtration,  and 
undoubtedly  account  for  the  favorable  showing  made  by  the  plant, 
which  in  so  many  particulars  contains  features  which  are  now 
avoided. 

From  the  writer's  point  of  view,  the  great  value  of  this  paper  lies 
in  the  presentation  of  the  detailed  costs  of  operation  and  the  conse- 
quent bringing  out,  in  discussion,  of  the  comparative  costs  of  ojiera- 
tion  at  other  works.  It  is  shown  that  a  large  percentage  of  this  cost 
is  due  to  the  removal  of  the  dirty  sand  from  the  beds,  its  transporta- 
tion outside,  washing,  storing  and  transportation  back  again,  and  a 
study  of  these  costs  shows  two  matters  which  should  receive  serious 
attention  in  the  design  of  new  plants: 

First:  The  keejnng  of  the  amount  of  sand  handled  per  million 
gallons  at  its  lowest  point  consistent  with  efficiency,  and 

Secoyid:  The  reduction  in  cost  of  handling  the  sand  by  the  substitu- 
tion of  machinery  for  hand  labor. 

In  relation  to  the  reduction  in  thickness  of  the  sand  layer  to  be 
removed,  Mr.  George  W.  Fuller  suggests  the  clogging  caused  by 
entrained  air  as  a  serious  factor  aff"ecting  the  quantity  of  sand  handled, 
and  Mr.  Collins  suggests,  among  others,  rain,  snow,  ice,  freezing  of 
the  exposed  sand,  and  unskilled  labor.  The  troubles  due  to  entrained 
air  are  now  generally  recognized  and  avoided  by  the  use  of  methods  of 
refilling  from  below  and  by  the  use  of  positive  heads  during  operation. 
Most  of  the  troubles  suggested  by  Mr.  Collins  can  be  avoided  by  cov- 
ering the  filter  beds,  thus  adding  new  reasons  to  the  already  long  list 
in  favor  of  covered  filters. 
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Mr.  W.  B.  In  relation  to  the  reduction  of  cost  in  handling  the  sand  it  appears 
that  the  methods  now  in  vogue  are  costly  and  cumbersome;  they  are 
methods  copied  from  the  operation  of  the  older  plants  of  England 
and  Germany,  scraping  by  hand  labor,  transportation  by  wheel-barrows 
or  carts,  and  washing  and  storing  involving  much  hand  labor,  but  it 
would  seem  that  such  methods  are  hardly  adapted  to  this  country  with 
its  higher-i^riced  labor. 

The  space  set  ajDart  for  tiie  storage  of  sand  is  also  an  important 
element  in  the  first  cost  of  the  plant,  and  one  which  it  would  be  desirable 
to  eliminate. 

For  several  years  the  writer  has  been  of  the  opinion  that  the  prin- 
ciple of  water  transportation,  greatly  extending  the  idea  described  by 
the  authors  for  the  transportation  of  sand  to  the  sand-washer,  will 
materially  reduce  such  costs. 

He  would  suggest  the  use  of  many  stationary  hopjjers  situated  in 
different  i^ortions  of  a  filter  bed  with  the  necessary  jiiping  leading  to  a 
central  sand  washer,  and  a  transportation  pipe  from  the  last  sand, 
washer  to  the  jjlace  of  storage. 

He  would  also  suggest  that  the  units  of  a  fllttr  j^lant  be  made  of 
such  small  size  as  would  permit  of  two  units  being  out  of  commission 
at  one  time.  The  dirty  sand  would  then  be  removed  from  one  unit, 
transported  to  the  sand  washer,  washed  and  transported  to  place  in 
the  other  unit  without  the  intervention  of  unsightly  storage  heaps  or 
costly  storage  courts,  and  with  a  minimum  of  hand  labor.  Further, 
it  would  be  advisable  to  use  covered  filters  well  lighted  by  artificial 
light  to  allow  of  continuous  work  in  stormy,  dark  or  freezing  weather, 
thus  insuring  the  employment  of  a  permanent  trained  force,  working 
under  uniform  conditions,  during  the  entire  year,  a  result  which,  in 
itself,  as  pointed  out  by  Mr.  Collins  and  Mr.  Bailey,  would  insure  a 
maximum  of  efficiency  in  such  labor. 

A  point  worth  noting  in  relation  to  the  removal  of  ice  at  Lawrence 
is,  that  owing  to  the  large  size  of  the  unit  the  ice  could  be  floated 
from  one  side  to  another  without  removal  for  several  scrai^ings.  If  the 
filter  plant  had  been  divided  into  smaller  units,  this  could  not  have 
been  done,  and  the  resultant  cost  of  removing  ice  would  have  been 
greater. 
jssrs.  MoERis  KJNOwiiES,  Assoc.  M.  Am.  Soc.  C.  E.,  and  Charles  G.  Hyde, 

[yde^°^  C.  E.  (by  letter). — The  writers  are  in  no  small  measure  gratified  by  the 
response  with  which  the  i^ublication  of  their  paper  on  the  Lawrence, 
Mass.,  city  filter  has  been  met.  They  feel  that  the  nature  and  scope 
of  the  discussions  have  been  such  that  the  paper  has  been  given  a 
value  which  it  would  otherwise  have  lacked.  This  is  due  not  only  to 
the  extended  reference  to  the  general  principles  involved  in  filtration, 
and  to  the  salient  features  of  the  design  and  operation  of  the  par- 
ticular filter  in  question,  and  of  other  works,  but  also  to  the  careful 
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and  elaborate  statements  and  tabulations  of  cost  which  appear  in  several       Messrs. 
, .  .  Kjiowles  ar 

discussions.  Hyde. 

In  the  sections  which  follow,  the  writers  have  made  such  addi- 
tional or  explanatory  statements  as  will  serve  to  complete  the  informa- 
tion relative  to  the  filter, where  the  discussions  have  shown  the  data  in 
the  original  paper  to  be  meager;  and  have  suggested  answers  to  the 
important  questions  which  have  been  presented. 

Watek-Shed  Popitlations. 

A  recomputation  of  the  total  population  resident  in  1900  upon  the 
water-shed  of  the  Merrimac  River  above  Lawrence  has  been  made 
upon  a  different  basis  from  that  used  in  producing  the  figure 
originally  presented  by  the  writers.  The  revised  estimate  of  480  000 
persons  agrees  very  closely  with  that  of  Mr.  Hazen  on  page  309.  The 
figure  for  urban  population  deduced  by  the  writers,  however,  differs 
from  that  of  Mr.  Hazen  on  account  of  the  assumption,  in  the  first  case, 
of  5  000  as  a  limit  of  rural  population  in  a  township,  while  Mr.  Hazen's 
estimate  is  based  upon  a  limiting  rural  poj^ulation  of  4  000. 

The  writers  are  glad  to  have  the  correct  estimate  of  the  total  water- 
shed population  of  the  Hudson  River  above  Albany,  and  have  included 
the  changed  figure  in  Table  No.  3.  But  they  would,  at  the  same  time, 
call  attention  to  the  fact  that  if  the  rural  population  of  1890  be  added 
to  the  urban  of  1900,*  a  total  of  89  per  square  mile  is  obtained.  This 
means,  as  comj^ared  with  Mr.  Hazen's  new  figures,  an  apparent  reduc- 
tion of  30%  in  rural  jjopulation  in  ten  years:  in  fact,  however,  the  de- 
crease is  not  as  great;  for  the  upper  limit  of  rural  pojiulation,  in  the 
table  used  as  a  basis  by  the  writers,  is  1  000,  while,  for  the  statement 
on  page  312,  Mr.  Hazen  has  used  4  000  as  the  limit. 

CONSTKUCTION. 

The  suggestions  of  Mr.  Collins,  in  that  part  of  his  discussion  en- 
titled, "  Conditions  Due  to  the  Construction  of  the  Filter  in  One  Unit," 
relative  to  the  erection  of  division  walls  across  the  filter,  appear  to  be 
most  pertinent.  If  this  feature  were  introduced,  there  is  Jittle  doubt 
that  the  work  of  maintenance  would  be  rendered  more  satisfactory  in 
many  ways,  and  much  more  economical. 

Intestigations  in  Regard  to  Clogging,  and  Work  of  Renewal,  of 
Underdkains. 

Since  the  presentation   of  the  pajjer,  the  writers  have  had  oppor- 
tunity to  finish  the  compilation  of  the  necessary  data,  and  to  prejiare 
a  comprehensive  statement  regarding  the  conditions  which  led  to  the 
repair  work  during  the  years  1898  and  1900,  together  with  some  refer- 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xliii,  p.  284. 
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Messrs.       ence  to  the  results  obtained.     Allusions  to  these  matters  have  already 
°H^de.^"    been  made  in  several  discussions  on  the  paper,  and  the  information  con- 
tained in  these  and  in  the  following  statements  will,  it  is  believed, 
answer  Mr.  Soper's  inquiries  and  Mr.  Weston's  question. 

Conditions  for  a  Few  Yems  after  Consiructio7i  of  Filter. — For  two  years 
following  the  construction  of  the  Lawrence  filters,  no  serious  difficulty 
was  found,  for  any  continued  interval  of  time,  in  obtaining  from  it  a 
supply  of  water  entirely  adequate  for  the  demands  of  the  city,  without 
the  necessity  of  operating  the  pumjjs  for  more  than  about  two-thirds  of 
the  day,  nor  during  Sundays  and  holidays,  and  without  producing  an 
excessive  loss  of  head.  Esi^ecially  during  the  warmer  portions  of  the 
year,  the  filter  was  found  to  work  admirably,  although  the  average  loss 
of  head  under  ordinary  working  conditions  was  always,  after  a  while, 
greater  than  in  the  beginning. 

The  circumstances  of  operation  and  of  scraping  during  the  coldest 
weather,  however,  were  unsatisfactory,  owing  to  the  lack  of  a  cover 
over  the  filter.  On  the  water  surface  thick  layers  of  ice  "would  form, 
which,  when  the  filter  was  drained  for  scraping,  lowered  with  the 
■water  down  to  the  sand,  thus  disturbing  the  schmutzdecke.  "When  the 
water  rose  again  on  the  filter,  portions  of  the  sand  were  brought  up 
with  the  ice,  leaving  the  surface  raw  and  broken,  sometimes  to  a 
considerable  depth.  In  addition,  the  freezing  of  the  sand  surface 
wherever  it  was  exposed  for  scraping,  the  necessity  for  scraping 
qiiickly  (which,  unfortunately,  led  to  the  i^ractice  of  scraping  only  those 
beds  nearest  the  pumping  station,  and  of  allowing  those  further  away 
to  remain  uncleaned  for  long  periods  during  the  winter),  together  with 
the  lower  temperature  of  the  water,  all  combined  to  gradually  increase 
the  loss  of  head.  The  serious  efi'ects  produced  by  this  state  of  afi'airs 
obtained  throughout  all  seasons,  but  especially  during  the  cold 
weather,  to  such  an  extent  that,  to  force  the  required  amount  of  water 
through  the  filter,  the  water  in  the  pumjj-well  was  drawn  down  to  a 
level  below  the  point  of  discharge  of  the  underdrains  of  the  beds,  thus 
allowing  air  to  pass  through  them  back  into  the  filter 

Later,  the  filter  appeared  to  be  clogging  elsewhere  than  at  the 
surface,  until,  to  some  extent  during  the  cold  weather  of  1895-96,  and 
to  a  greater  degree  during  the  winter  of  1896-97,  it  was  found  that  the 
usual  quantity  of  water  could  not  be  obtained  from  the  filter,  even 
with  the  maximum  possible  loss  of  head;  consequently,  the  rate  was 
diminished  and  the  hours  of  pumping  increased.  During  the  winter 
of  1897-98,  these  conditions  became  greatly  aggravated,  and,  in  Feb- 
ruary of  the  latter  year,  the  pumjis  were  run  day  and  night,  with  in- 
terruptions only  to  allow  the  water  to  rise  in  the  pump-well  to  a 
sufficient  height  to  provide  water  for  the  pumjas.  The  loss  of  head 
was  constantly  equal  to  the  maximum  difference  in  elevation  between 
the  water  on  the  surface    and  the  bottom  of  the  underdrains,  while 
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the  surface  of  the  water  in  the  conduit  was  often  much  lower  than  the  „  Messrs. 

.  Knowlesa; 

latter.      Notwithstanding  the  continuous  pumping,  which  oftentimes       Hyde. 

could  not  be  carried  on  at  a  speed  greater  than  two-thirds  of  the  cus- 
tomary rate,  the  water  in  the  reservoir,  the  capacity  of  which  was 
equivalent  to  about  two  weeks'  supply  for  the  city,  continued  to  lower, 
until  half  the  storage  was  exhausted,  and  a  jiartial  water  famine  be- 
came imminent.  Scraping  the  beds  (which  in  the  very  coldest  weather 
was  almost  impossible)  ai^jieared  to  produce  but  little  benefit,  and  the 
conditions  were  such  as  to  lead  to  grave  apprehension  on  the  part  of 
the  Water  Board.  The  advent  of  warmer  weather  in  March,  1898,  how- 
ever, jjermitted  filtration  to  be  carried  on  under  somewhat  more  favor- 
able circumstances,  and  the  reservoir  was  gradually  filled  during  the 
following  month. 

TABLE  No.  53. — Expekiments  to  Determine  the  Vertical  Distri- 
bution OF  the  Loss  OF  Head,  indicating  Location  or  Clogging 
IN  Lawrence  Filter. 


Position  of 

sand  layer 

relative  to 

surface. 

February  26th,  1898. 

March  17th,  18th,  189». 

Depth  of 
bottom  of 

Percentage  of  Loss  of  Head. 

surface  of 
sand. 

Bed 

No.  5. 

Bed 
No.  11. 

Bed 

No.  21. 

Bed 
No.  5. 

Bed 

No.  11. 

Bed 

No.  21. 

Sins 

0  in.-  8  ins. 
8  "  -18  ^' 
18  "  —36  " 

6 
94 
0 

1      0 

J 

7 
14 
43 

36 

10 
10 
10 

70 

16 

84 
0 

\       0 

■i 

I       0 

16 
13 

28 
32 

11 

12 

18  "  

15 

36  " 

2 

5a  "  

36  "  to  top 

of  under- 

drains. 

Underdrains. 

In  gravel 

53 

1 

100 

100 

100 

100 

100 

100 

Investigdtions  of  the  Lawrence  Water  Board. — The  serious  aspect  of 
the  problem  confronting  the  Water  Board,  of  which,  one  of  the  writers, 
Mr.  Knowles,  was  a  member,  led  to  the  undertaking  of  a  series  of  ex- 
Ijeriments  to  ascertain  the  relative  extent  of  the  clogging  in  different 
portions  of  the  filter  area,  and  the  head  required  to  force  water 
through  successive  layers  of  the  main  body  of  the  sand  of  the 
filter  at  these  places.  For  this  purijose  there  were  used  tubes  of 
various  lengths,  having  an  interior  diameter  of  about  3  ins.  These 
were  constructed  of  galvanized  sheet-iron  with  conical  bottoms,  which 
were  perforated  with  small  holes  and  provided  with  a  fine  screen  of 
brass  wire  at  the  junction  of  the  base  of  the  cone  with  the  tube,  in 
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Messrs.       order  to  prevent  the  entrance  of  sand.  *     The  tubes  were  set  into  the 
°Hyde.'^°    sand,  over  the  southerly  ends  of  the  pipe  underdrains,  of  Beds  Nos.  5, 
11  and  21,  with  the  tops  somewhat  above  the  elevation  of  the  surface  of 
the  water  on  the  filter. 

When  the  filter  was  in  operation  and  the  pumps  were  running,  obser- 
vations of  the  relative  elevation  of  the  surface  of  the  water  in  the  tubes 
and  on  the  filter  indicated  the  loss  of  head  at  various  depths.  On 
February  26th,  a  series  of  measurements  was  made  with  tubes  j^laced 
in  each  bed  to  depths  of  8,  18  and  36  ins.  below  the  surface  of  the  sand, 
and,  on  March  17th  and  18th,  the  experiment  was  repeated  with  the 
addition  of  a  fourth  tube,  the  bottom  of  which  rested  directly  on  the 
top  of  the  gravel  undei  drains,  at  an  average  depth  of  52  ins.  below  the 
sand  surface.  On  February  26th  the  observations  were  taken  half- 
hourly,  through  an  interval  of  3  hours,  and,  on  March  17th  and  18th, 
taken  hourly,  through  intervals  of  7  and  8  hours,  the  fliictuation  in 
the  elevation  of  the  water  of  the  tubes  being  inconsiderable  at  all  times. 
The  results  of  these  experiments  are  shown  in  Table  No.  53. 

During  the  experiments  there  was  constantly  maintained  a  total  loss 
of  head  of  7  ft. ,  which  is  the  maximum  obtainable  with  the  surface  of 
the  water  on  the  filter  at  its  usual  elevation.  It  will  be  seen  that  the 
loss  of  head  in  the  u.pper  sand  layer  was  apparently,  in  all  cases,  a  com- 
paratively small  percentage  of  the  total,  but  it  is  possible  that  these 
results  were  vitiated  by  the  fact  that  the  tubes,  being  set  into  the  sand 
to  a  depth  of  8  ins.  only,  allowed  the  water  on  the  filter,  under  a  head  of 
somewhat  more  than  3  ft.,  to  force  itself  downward  along  their  sides 
and  up  through  the  perforated  conical  bottoms,  thus  giving  an  apparent 
loss  of  head  much  less  than  the  actual. 

In  Bed  No.  5,  near  the  pumping  station,  the  entire  loss  of  head  was 
found  to  occur,  during  both  series  of  observations,  within  the  upper 
18  ins.  of  the  sand  layer.  In  Bed  No.  11,  21  to  29%  of  the  total  head 
was  lost  in  the  upper  18  ins. ,  and  the  entire  head  was  used  up  in 
passing  through  the  main  body  of  sand,  the  loss  in  the  underdrains 
being  inappreciable.  In  Bed  No.  21,  representing  the  easterly  portion 
of  the  filter,  farthest  from  the  pumping  station,  where  subsequent 
excavation  proved  the  underdrain  material  to  be  badly  clogged,  the 
experiments  showed  that  the  loss  of  head  in  the  upiaer  18  ins.  of  the 
main  sand  body  was  from  20  to  27%  of  the  total,  and  that  in  the  lower 
16  ins.  and  underdrains  was  about  70%',  of  which  the  more  compre- 
hensive experiments  of  March  17th  and  18th  indicated  that  53%  was 
lost  in  the  gravel  underdrains  alone. 

The  results  of  these  studies  indicated  that  there  was  a  portion  of 
the  filter  which  contributed  but  little  to  the  water  supply  for  the  city. 

*  Similarly  constructed  tubes  have  been  used  by  the  writers  with  gratifying  success 
upon  other  work,  and  there  is  no  doubt  of  their  value  as  instruments  to  ascertain  the 
variations  in  rates  of  filtration  in  different  parts,  and  the  loss  of  head  through  different 
depths  of  a  filter. 
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It  was  thought  best,  however,  before  doing  anything  further,  to  con-      Messrs. 
suit  the  State  Board  of  Health,  under  whose  advice  the  filter  was  built.        Hyde. 

Application  of  Laivrence  Water  Board  to  Massachusetts  State  Board  of 
Health  for  Advice;  and  the  Reply. — At  a  meeting  of  the  Lawrence  Water 
Board,  held  March  4th,  1898,  it  was  voted  to  address  the  following 
letter  to  the  State  Board  of  Health : 

"The  Lawrence  Water  Board  respectfully  represents  that  the  mun- 
icipal filter  does  not  furnish  sufficient  water  for  the  demands  upon  our 
system.  We  are  led  to  believe,  from  limited  exj^eriments  showing  the 
loss  of  head,  that  portions  of  the  filter  are  clogged. 

"We  desire  to  be  advised  by  your  Board  in  regard  to  the  proper 
method  to  be  adojated  to  restore  the  filter  to  its  proper  capacity,  also  to 
co-operate  with  us  and  advise  what  further  exioeriments  may  he  neces- 
sary to  determine  what  portions  need  to  be  renewed." 

In  response  to  this  request,  the  engineers  of  the  State  Board  of 
Health  made,  during  the  following  summer,  an  examination  of  the 
condition  of  the  filter,  and  an  investigation  of  the  methods  of 
manipulation  and  maintenance  since  its  constriiction.  By  means 
of  proi^erly  distributed  tubes,  sunk  to  various  depths  in  the  sand  of 
many  of  the  beds,  the  rate  of  draining  of  these  beds  was  ascertained 
when  the  water  was  below  the  surface.  Current  meter  observa- 
tions were  made  of  the  rate  of  flow  from  the  underdrain  of  each  of  the 
beds  discharging  directly  into  the  old  filter  gallery  and  of  the  total  flow 
from  those  discharging  into  the  conduit.  In  several  beds  in  the  east- 
erly ijortions  of  the  filter,  where  tube  measurements  indicated  a  sub- 
surface clogging,  excavation  was  made  to  examine  the  lower  sand  layers 
and  the  condition  of  the  underdrain  material,  principally  in  the  vicinity 
of  the  underdrain  pipes  and  the  main  conduit. 

As  a  result  of  these  studies,  on  September  19th,  1898,  the  State 
Board  of  Health  sent  the  following  reply  to  the  Lawrence  Water  Board, 
in  regard  to  the  general  condition  of  the  filter  and  the  method  by  which 
it  might  be  improved: 

"  The  State  Board  of  Health  received  from  you,  on  March  5th,  1898, 
the  following  request  for  advice  with  reference  to  imjiroving  the  capacity 
of  the  Lawrence  City  Filter.     *     *     * 

"  The  Board  has  examined  the  available  data  as  to  the  operation  and 
management  of  the  filter  and  the  consumption  of  water  as  furnished 
from  the  records  kept  by  your  Board,  and  has  made  investigations  to 
determine  the  quality  and  condition  of  the  sand  in  the  filter,  and  the 
condition  of  the  underdrains  as  compared  with  their  condition  when 
first  placed  in  the  filter  five  years  ago.  The  Board  has  also  made  many 
exi^eriments  to  determine  the  cause  of  the  reduced  capacity  of  the  filter 
and  the  best  method  of  relief. 

"  Analyses  of  many  samples  of  sand  collected  from  all  parts  of  the 
filter  show  that,  while  the  etfective  size  of  the  sand  is  probably  slightly 
finer  than  when  first  placed  in  the  filter,  on  account  of  silt  carried  by 
the  river  water,  the  increase  in  the  fineness  of  the  sand  is  not  sufficient 
to  cause  a  very  material  reduction  in  the  quantity  of  water  that  would 
pass  through  the  filter. 
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Messrs.  *' A  careful  examination  of  the  heiglit  of  water  in  the  sand  of  the 

'^°H^de  ^'^'^  filt^J^'  while  it  was  being  drained  showed  that,  while  the  i^ortion  nearest 
the  pumicing  station,  amounting  to  approximately  half  the  area,  for  the 
most  i^art  drained  down  rapidly,  the  water  in  the  easterly  half  of  the 
filter  did  not  drain  down  readily,  and  in  some  portions  of  it  remained, 
after  several  hours  of  draining,  but  little  below  the  sui-face  of  the 
sand. 

"  Excavations  were  made  through  the  whole  depth  of  the  sand  and 
into  the  gravel  forming  and  siirrounding  the  underdrains.  The  sand 
was  found  to  be  clean  and  unobstructed  throughout  its  full  depth,  and 
in  the  portion  of  the  filter  near  the  pumping  station  the  gravel  under 
the  sand  was  found  where  examined  to  be  in  good  condition,  and  the 
water  appeared  to  drain  freely  through  it.  More  attention  was  given 
to  the  easterly  portion  of  the  filter,  where,  as  has  been  stated,  the 
water  did  not  drain  readily  from  it.  Here,  as  elsewhere,  the  sand  was 
found  in  nearly  all  parts  of  it  to  be  clean  and  unobstructed  down  to  the 
gravel;  but  within  the  gravel  and  between  the  stones  surrounding  the 
drain  pipes  and  in  the  joints  of  the  drain  pipes  was  found  a  deposit 
of  gelatinous  iron  rust,  together  with  some  Crenothrix,  a  plant  which 
grows  in  water  containing  iron,  which  deposit  allowed  very  little  water 
to  enter  the  drain  pijies.  This  deposit  was  more  dense  in  the  middle 
and  upper  portion  of  the  layer  of  gravel,  where  air  has  entered  this 
layer  from  the  underdrains  when  the  water  in  the  pump-well  has  been 
drawn  below  the  top  of  the  underdrains. 

"It  is  evident  from  the  character  of  this  deposit  that  air  is  essen- 
tial to  its  formation;  and  the  only  way  to  jjrevent  its  formation  in  the 
future  is  to  run  the  filter,  as  it  was  intended  to  be  run  from  the  time 
of  construction,  with  the  water  m  the  pump-well  always  above  the 
top  of  the  underdrain,  or  not  below  the  level  of  31  ft.  on  the  scale  of 
heights. 

"  This  portion  of  the  filter  can  be  rendered  efficient  by  excavating 
trenches  10  ft.  wide  across  the  filter,  in  line  of  and  over  the  under- 
drains, removing  the  gravel  for  this  width,  washing  and  relaying  the 
pipes,  and  at  the  same  time  extending  the  lines  of  4-in.  pipes  a  distance 
of  about  50  ft.  from  their  present  termination  and  placing  clean  gravel 
about  them,  as  it  was  originally  placed,  adjacent  to  such  pipes;  then 
filling  the  trench  above  the  gravel  to  a  depth  of  2  ft.  with  the  washed 
sand  which  you  have  ujaon  the  bank,  and  Mlling  above  this  and  over 
the  i^resent  top  of  the  filter  between  the  nearest  carriers  with  the 
remaining  sand  from  the  excavation.  This  process  should  be  contin- 
ued over  so  much  of  the  filter  as  does  not  allow  the  water  to  drain  from 
the  sand  freely,  which  includes  a  large  part  of  the  easterly  half  of  the 
filter  and  a  small  portion  of  the  remainder. 

"  When  the  filter  was  constructed,  you  were  advised  that  the  whole 
surface  should  be  cleaned  once  a  month,  and  that  certain  portions 
should  be  cleaned  oftener  in  times  of  freshets.  Your  records  show  that 
the  easterly  portion  of  the  filter  has  been  allowed  to  remain  uncleaned 
in  the  cold  season  a  much  longer  time,  even  reaching  a  period  of  four 
or  five  months,  while  the  portion  nearer  the  pumping  station  has  been 
cleaned  more  frequently.  To  this  fact  is  probably  due  the  larger  de- 
posit of  iron  in  the  gravel  of  the  easterly  portion,  and  the  Board 
regards  it  imj^ortant  that  the  original  instruction  in  regard  to  cleaning 
the  filter  should  be  carried  out  to  maintain  its  efficiency.  To  accom- 
plish this,  it  is,  in  the  opinion  of  the  Board,  necessary  that  the 
filter  be  covered,  to  effectually  prevent  the  formation  of  ice  upon  its 
surface. 
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"  Upon    completing   the   relaying   of    the   imderdrains   and   upon 
restoring  the  filter  bed  to  its  original  depth,  it  should  hereafter  be  ^"^^Hyde 
maintained  at  that  depth;  and,  to  keep  it  in  the  most  efficient  condition 
for  purifying  the  water,  it  should  be  run  intermittently,  as  originally 
designed. 

"You  have  found  the  filter  delivering  an  abundant  supi^ly  of  water 
during  the  past  four  months,  Imt  from  this  you  cannot  conclude  that 
it  will  continue  to  do  so,  for  during  the  season  of  the  formation  of  ice 
the  sand  will  allow  only  about  two-thirds  as  much  water  to  pass  through 
it  as  in  summer.  Your  exi)erience  of  last  winter  shows  that  it  is 
necessary  to  act  promptly. 

"By  entering  upon  the  work  of  covering  the  filter  with  a  roof  to 
prevent  freezing  and  of  removing  the  gravel  clogged  with  iron  with- 
out delay,  it  is  probable  that  enoiTgh  work  can  be  done  before  the 
beginning  of  winter  to  insure  a  sufiicient  supply  of  filtered  water  for 
the  city."' 

On  October  1st,  the  Lawrence  Water  Board  submitted  the  foregoing 
communication  to  the  City  Council,  with  the  request  that  a  sum  of 
money,  not  exceeding  ^37  000,  be  ajDpropriated  for  the  construction  of 
a  cover  over  the  filter.  At  the  same  time  the  Council  was  informed 
that  it  was  the  intention  of  the  Board  to  proceed  at  once  with  the  work 
of  reconstruction  of  the  underdrains  in  accordance  with  the  recommen- 
dations of  the  State  Board  of  Health. 

Renewals  in  1898. — The  work  during  this  year  consisted  of  the 
excavation  of  several  beds  in  the  easterly  portion  of  the  filter,  which 
investigation  had  shown  to  be  most  clogged,  the  relaying  of  the  i^ipe 
underdrains  and  underdrain  material,  and  the  replacing  of  old  and  new 
sand  to  the  original  grade  of  the  surface;  together  with  the  screening 
and  washing  of  various  sizes  of  gravel  and  sand,  in  amounts  sufficient 
for  the  work.  All  of  this  work  was  under  the  direct  charge  of  Mr. 
Walter  E.  Spear,  C.  E. ,  from  whose  report  to  the  Water  Board  the 
writers  have  comjDiled  many  of  the  following  data.  Screening  and 
washing  the  gravel  and  coarse  sand  was  begun  during  the  latter  part  of 
September,  and  was  carried  on  until  December  14th,  whenever  the 
weather  permitted,  excej^t  during  the  period  of  actual  reconstruction  of 
the  filter  beds. 

Owing  to  the  decreased  rate  of  oiDeratiou  of  the  filter,  due  to  its 
clogged  condition,  and  the  consequent  diminished  storage  in  the  dis- 
tributing reservoir,  it  became  a  diflScult  matter  to  obtain  intervals  of 
sufficient  duration,  with  suitable  weather,  in  which  to  carry  on  the 
actual  work  upon  the  filter.  The  first  work  of  reconstruction  was  per- 
formed from  October  18th  to  21st,  when  the  underdrain  of  Bed  No.  1.3, 
and  16  ft.  of  that  in  Bed  No.  18  were  relaid.  A  severe  storm  prevented 
further  oiieratious,  and  it  was  not  until  about  the  middle  of  November 
that  another  suitable  ojiportunity  was  secured.  At  this  time,  from 
November  14th  to  18th,  the  underdrains  of  Beds  Nos.  14,  15  and  19,  and 
the  remainder  of  No.  18  were  relaid,  and,  together  with  Beds  Nos.  12 
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Messrs.       and  13,  were  brouglit  to  the  required  grade  witli  sand.     The  next  oppor- 
Hyde.        tunity  for  labor  on  the  filter  came  on  December  6th,  from  which  time 
work  was  pushed  day  and  night  to  December  9th,  and  Beds  Nos.  16,  17, 
21  and  22  were  improved  and  brought  to  grade. 

The  work  of  reconstruction  was  performed  in  accordance  with  the 
general  recommendations  of  the  State  Board  of  Health.  In  each  bed, 
with  the  excejjtion  of  the  first,  a  braced  and  sheeted  trench  10  ft.  in 
width  was  excavated,  extending  from  the  down-stream  or  northerly  end 
of  the  underdrains,  to  a  point  near  the  southerly  extremity  of  the  beds, 
15  ft.  from  the  main  distributing  channel.  The  clean  sand  was  thrown 
out  of  the  trenches  to  each  side  upon  the  surface  of  the  filter  beds. 
The  gravel  underdrain  material,  which  was  found  to  be  almost  com- 
pletely obstructed  with  a  dejjosit  of  gelatinous  iron  rust,  and  a  growth 
of  Crenothrix,  occurring  especially  m  the  upper  layers,  was  wholly 
removed,  together  with  the  pipe  underdrains. 


TABLE   No.  54. 


-Data  of  Underdkain  'Material   used  in 
Renewals  in  189c». 


Size  of  material. 

Width  of  trench  covered 
by  material. 

Depth  of  layers. 

Inches. 
2 

Coarse  sand. 

Feet. 
3 
5 

7     ■ 
9 
9 
10 

Inches. 

Total  depth 

11 

The  bed  of  the  filter,  consisting  of  a  mixed  clayey  and  sandy  material, 
was  prepared  for  the  relaying  of  the  underdrains  by  placing  over  it  a 
layer  of  unscreened  gravel  1  in.  or  more  in  thickness.  The  old  i^ipe 
underdrains  were  washed  and  relaid,  and  the  lines  extended  in  a  southerly 
direction  with  4-in.  pipes,  for  a  distance  of  about  50  ft.  The  grade  of  all 
pipes  was  1  in  100,  except  in  Beds  Nos.  16,  17,  21  and  22,  where  the  last  30 
to  40  ft.  were  laid  flat,  in  order  to  keep  their  elevation  as  low  as  pos- 
sible. The  original  method  of  laying  the  pipes  with  open  joints,  so 
that  the  spigot  of  one  ai^proached  but  did  not  enter  the  bell  of  the  next, 
was  adhered  to  in  reconstruction ;  each  joint  being  surrounded  with  a  4  in. 
layer  of  2-in.  gravel.  On  the  first  gravel  layer  there  were  placed  suc- 
cessive courses  of  material  of  the  width  and  depth  shown  in  Table  No.  54. 

A  saving  in  the  amount  of  2-in.  gravel  surrounding  the  pipe  under- 
drains was  effected  in  Beds  Nos.  16,  17,  21  and  22,  by  using  this 
material  at  the  joints  for  a  distance  of  6  ins.  only,  in  either  direction; 
the  intermediate  12  ins.  of  each  pipe  being  surrounded  by  1^-in.  gravel. 

Upon  the  coarse  sand,  superposed  on  the  re-in.  gravel,  there  were 
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dei30sited  from  2  to  2^  ft.  of  fresh  washed  sand,  and  upon  this  the  sand 
which  was  excavated  from  the  trench  was  jjlaced,  bringing  each  bed  to 
the  original  elevation  as  designed;  or  about  1  ft.  higher  than  the  grade 
prior  to  reconstruction.  In  Beds  Nos.  21  and  22,  the  flow  of  ground- 
water, which  had  originally  caused  some  trouble  in  the  construction  of 
this  poi-tion  of  the  filter,  was  encountered,  and  necessitated  jjarticular 
care  in  bracing  and  sheeting,  especially  in  the  northerly  portion  of  the 
beds,  in  order  to  prevent  the  sand  from  working  into  the  trenches. 

The  total  cost  of  this  work,  as  estimated  by  Mr.  "Walter  E.  Sjjear, 
Engineer-in-Charge,  was  $5  709.58,  itemized  as  in  Table  No.  55: 

TABLE  No.  55. — Cost  of  Eeconstruction  in  1898. 
Mateeial. 

Cubic  Yards.                       Items.  Cost.  Per  Yard. 

90           Unscreened  gravel  (used  over  bottom) . .  $60.50  $0.67 

50          Screened           "       (from  P.  Holland) ..  .  103.95  2.08 
421           Gravel  of  several  sizes  (screened  at  citv 

bank) 1  77(1.37  4.21 

451           Gravel,  washed 1  066.38  2.36 

60           Coarse  sand,  screened  and  washed 35.11  0.59 

....           Vitrified  pipe,  lumber  and  supplies  ....  240.96  .... 

Total  for  material $3  277.27 

Laboe. 

1  600          Excavating  and  refilling  trenches $1  008. 19  $0. 63 

300  Kemoval  of  clogged  gravel  from  under- 

drains 450.65  1.50 

314          New  gravel  and  drains 412. 17  1.31 

900           Washed  sand  in  trenches 561.30  0.62 

Total  for  labor $2  432.31 

Total  for  labor  and  material $5  709.58 

Estimated  Deduction  foe  Unused  Mateeial. 

157  Screened  gravel,  several  sizes $.553.90 

137  Washed  gravel         "  "     323.93 

8  Coarse  sand 4.68        $882.51 

Net  actual  cost  of  reconstruction  in  1898 .  $4  827.07 

Cost  per  bed $536.43 

Results  from  Renewals  in  1898. — An  increase  in  the  capacity  of 
the  filter  became  ajjparent  immediately  after  the  reconstruction  of  the 
first  five  beds;  namely,  Nos.  13,  14,  15,  18  and  19.  As  determined  by 
the  engineer  in  charge  of  the  work  at  that  time,  basing  an  estimate  upon 
the  average  rates  of  pumping  for  one  day  immediately  before  and  one 
day  after  reconstruction,  with  conditions  of  loss  of  head  and  tempera- 
ture reduced  to  5.0  ft.,  and  50°  Fahr.,  respectively,  the  gain  in  quantity 
received  from  the  filter  was  about  20  per  cent.  By  the  same  method  of 
comparison,  the  apparent  gain  in  the  capacity  of  the  filter,  after  the 
completion  of  the  nine  beds,  using  the  results  of  October  16th,  x^rior 


Messrs. 

Knowles  ai 

Hyde. 
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Messrs.       to  the  beginning  of  the  work,  and  of  December  14tli,  after  its  comple- 
Knowlesand     .  ,  , 

Hyde.        tion,  was  about  45  per  cent. 

According  to  an  estimate  made  by  the  writers,  reducing  to  a  uniform 
basis  the  average  data  of  the  loss  of  head,  temperature  of  water,  rate  of 
pumping,  and  actual  quantities  pumped  for  equal  periods  of  7  days,  the 
apparent  increase  in  the  capacity  of  the  filter  was  33  per  cent.  The 
days  used  were  October  12th  to  18th,  prior  to  the  beginning  of  the 
work,  and  December  10th  to  16th,  after  its  completion;  the  surface  con- 
dition of  the  filter  being  very  nearly  the  same  in  each  case,  although 
probably  slightly  more  favorable  during  the  first  period.  A  similar 
estimate,  based  upon  the  comparison  of  the  first  7-day  period,  prior  to 
reconstruction  (October  12th  to  18th),  with  a  4-day  period  immediately 
following  a  complete  scrajjing  of  the  surface  of  the  filter,  on  April  5th 
and  6th,  1899,  about  3|  months  after  the  completion  of  the  work,  failed 
to  show  any  increase  in  the  capacity  of  the  filter.  However,  it  is  likely 
that  these  later  results  are  not  wholly  trustworthy,  owing  to  the  prob- 
able rapid  filling  of  the  filter  after  scraping,  and  the  consequent  im- 
prisonment of  air  in  the  sand,  thus  prodiicing  a  loss  of  head  in  excess 
of  that  which  might  be  consistently  expected  with  such  surface  condi- 
tions as  obtained  during  the  April  period. 

Renewals  in  1900. — During  the  year  1899  no  further  work  in  im- 
provement of  the  filter  was  attempted.  In  1900,  however,  the  work 
was  resumed,  four  beds  being  rebuilt,  completing  the  reconstruction 
of  thirteen  beds,  representing  the  entire  easterly  portion  of  the  filter. 
The  work  was  carried  on  during  the  year  under  the  direction  of  Mr.  M. 
r.  ColUns,  recently  in  immediate  charge  of  the  mauii^ulation  of  the 
filter,  and  now  Superintendent  of  Water- Works. 

Beds  Nos.  20,  23,  24  and  25  were  reconstructed  ujion  the  following 
dates:  No.  25  on  May  25th;  No.  24  on  May  31st  and  June  1st;  No.  23  on 
June  7th  and  8th,  and  No.  20  on  September  26th.  The  general  methods 
of  excavation  and  relaying  used  during  the  work  of  1898  were  followed 
during  1900,  with  the  exception  that  the  main  conduit  was  cleaned  and 
relaid,  and,  like  the  underdrain  pipes,  was  i^laced  ujaon  cyjaress  planks 
2x8  ins.  and  14  ft.  long,  fastened  together  endwise  with  cleats. 

Table  No.  56  shows  the  length  of  underdrain  and  conduit  rebuilt,  and 
the  cost  of  the  work  directly  upon  each  bed. 

The  condition  of  the  underdrain  material  in  all  the  beds  rebuilt 
during  this  year  was  about  the  same  as  found  in  1898,  the  gravel  being 
greatly  discolored,  and  choked  with  gelatinous  iron  rust,  in  the  immediate 
neighborhood  of  the  main  conduit  and  pijie  underdrains,  but  less 
clogged  toward  the  up-stream  ends  of  the  beds,  where  the  gi'avel  was 
found  to  be  in  a  fair  condition.  The  drains  and  main  conduits  were  so 
thoroughly  choked  in  Beds  Nos.  23,  24  and  25  that  no  api^reciable  amount 
of  water  would  flow  away  into  the  main  conduit  at  the  bottom  of  the  ex- 
cavation, and  pumping  was  required  throughout  the  whole  work. 
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TABLE  No.  56.— Amount  and  Cost  of  Work  in  1900. 


No.  of  bed. 

Date  of  work. 

m 

h 

III 

Extension      of 
gravel  under- 
drains        be- 
yond pipe. 

I'd 

i 

20  

September  26 

36  ft. 

32  ;| 

30  " 

30  ft. 
30  " 
30  " 
30  " 

95  ft. 
90  " 

94  " 

10  ft. 
10  " 
10  " 
10  " 

$240 

23 

370 

24 

400 

25 

Mav  35 

370 

Totals 

130  ft. 

120  ft. 

367  ft. 

40  ft. 

$1380 

Messrs. 

Knowles  and 

Hyde. 


Note.— There  should  be  added  to  this  sum  |880,  for  unused  material  from  the  1898 
woi-k,  making  a  total  of  $2  260. 

Results  from  Retieicals  hi  1900. — An  estimate  has  been  made  by 
the  writers  to  ascertain  the  increase  in  the  yield  of  the  tilter  due  to  the 
reconstruction  of  Beds  Nos.  23,  24  and  25,  immediately  after  the  rebuild- 
ing was  accomplished,  and  one  month  and  a  half  later.  In  the  first 
case,  the  data  of  loss  of  head,  temperature  of  water,  rate  of  pumping, 
and  actual  yield  of  filter,  for  the  5  days  from  May  13th  to  17th,  having 
been  reduced  to  a  uniform  basis,  were  compared  with  those  for  the  7 
days  from  June  11th  to  17th,  the  surface  of  the  filter  being  practically  in 
the  same  condition  during  each  period.  This  study  indicated  an  increase 
of  about  41^'o  ill  ^^^  yield  of  the  filter.  A  comparison  of  the  data  for 
the  first-named  period  with  those  of  a  period  of  8  days  from  July  28th 
to  August  6th,  omitting  July  31st  and  August  2d,  gave  an  ajiparent 
increase  in  yield  of  17  per  cent.  This  result  was  probably  affected  by 
the  imiirisonment  of  air  in  the  sand  during  the  early  days  of  the  last 
period,  twelve  beds  having  been  scraped  on  July  27th,  and  the  filter 
rapidly  refilled.  It  was  also,  doubtless,  affected  by  the  sanding  of  several 
beds  during  the  jseriod  intervening  since  reconstruction. 

Disturbance  of  Efficiency  by  Renewals. — The  question  whether  such 
work  can  be  done  to  a  sand  filter  without  detriment  to  the  health  of 
the  people  receiving  water  therefrom  is  an  interesting  and  important 
one.  The  writers  believe  that,  if  carried  on  with  the  usual  care  which 
should  accompany  all  such  work,  and  in  suitable,  but  not  freezing, 
weather,  this  may  be  answered  affirmatively.  It  is  true,  however, 
that  placing  sand  in  a  reconstrncted  portion,  unless  the  greatest  jn-e- 
cautions  are  taken,  is  likely  to  leave  it  somewhat  more  porous  than 
the  remainder  of  the  bed.  Referring  to  the  bacterial  results  obtained 
from  the  Lawrence  Filter,  after  the  work  performed  in  1898,  it  is 
found  that,  directly  after  the  operations  in  October  and  November, 
the  increase  in  the  number  of  bacteria,  including  B.  Coli  Communis, 
in  the  effluent  was  slight,  and  continued  for  a  few  days  only.     The 
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Messrs.  December  work,  however,  was  not  carried  on  under  as  favorable 
Hyde.  temperature  conditions,  and  even  with  the  great  care  exercised,  the 
long-continued  strain  of  steady  work  upon  the  men  may  have  per- 
mitted some  frozen  sand  to  be  replaced  in  the  beds.  Channels  were 
thus  probably  formed  allowing  the  water  to  j)ass  down  without  proper 
filtration,  because  the  number  of  bacteria  in  the  effluent  was  high  for 
about  three  weeks  after  the  completion  of  the  work,  and  B.  Coli  Com- 
munis was  found  for  a  longer  period  and  in  greater  numbers  than 
before.  In  addition  to  this  evidence,  there  occurred,  for  a  few 
weeks  after  the  end  of  the  period  of  high  bacterial  numbers,  a 
marked  increase  in  the  number  of  cases  of  tyj^hoid  fever  in  the 
city.  The  reconstruction  work  carried  on  in  1900  did  not  cause 
any  marked  increase  in  the  number  of  bacteria  in  the  effluent  from  the 
filter,  and  the  health  of  the  city  was  not  apparently  affected  thereby. 

Benefits  due  to  Renewals. — Attention  has  already  been  called  to 
the  gain  in  the  capacity  of  the  filter  due  to  the  relaying  of  clogged 
underdrain  pipes  and  gravel,  and  it  is  natural  to  ask :  Will  this  gain  be 
permanent,  or  will  the  trouble  re-occur?  Since  the  improvement,  the 
filter  has  been  operated  in  a  more  careful  and  exact  manner,  scrapings 
have  been  uniform  and  have  occurred  at  regular  periods,  refilling  has 
been  accomplished  less  rapidly  than  heretofore,  and  the  water  in  the 
pump-well  has  not  been  drawn  below  Elevation  31.  The  filter,  however, 
has  not  been  covered,  owing  to  a  failure  to  api^roiDriate  money  for  this 
purpose,  and,  much  to  the  regret  of  the  Water  Board  and  all  who  have 
the  interest  of  the  filter  at  heart,  the  process  of  scraping  and  the  main- 
tenance in  general  in  the  winter  time  continue  to  be  carried  on  under 
adverse  conditions.  During  the  extreme  cold  weather  of  the  j^ast  mnter, 
however,  it  has  been  possible  to  avoid  operating  the  pumps  upon 
Sundays,  the  general  loss  of  head,  with  the  pumps  running  at  full  speed, 
has  not  reached  the  maximum,  and  high  water  in  the  reservoir  has 
been  constantly  maintained. 

KestjiiTS  of  Opeeations. 

In  undertaking  to  answer  the  several  inquiries  of  Mr.  Soj^er,  relating 
to  the  seeming  "  inconsistency  between  the  filter  and  its  results,"  the 
writers  desire  it  to  be  understood  that  their  j^ersonal  ideas  alone  are 
advanced,  but  it  is  hojjed  that  opinions  from  those  in  touch  with  the 
early  investigations  and  construction  of  the  filter  may  be  received. 

At  the  time  when  the  Lawrence  filter  was  designed,  daily  aeration 
of  the  filtering  medium  was  regarded  as  necessary,  in  filtering  Merri- 
mac  River  water,  in  order  to  maintain  the  effective  life  of  the  nitrifying 
organisms  and  the  consequent  oxidation  of  the  polluting  matters  con- 
tained in  the  api^lied  water.  Further  experience,  however,  has  shown 
that  the  oxygen  dissolved  in  the  river  water  is  not  exhausted  by  the 
work   of  purification.     For  this   reason,  shortly  after   the   filter  was 
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placed  in  operation,  it  was  learned  from  the  bacterial  resialts  and  the  Messrs. 
effect  iipon  the  health  of  the  peojile,  thab  the  provisions  relating  to  Hyde, 
the  periodical  uncovering  of  the  sand  surface  and  drawing  down  of 
the  water  within  the  sand,  "so  that  the  sand  could  fill  with  air  from 
top  to  bottom,"  was  not  only  unnecessary,  but  inexpedient.  In  other 
words,  it  was  discovered  that  the  water  of  the  Merrimac  River  was  of 
such  a  character,  as  regards  organic  matter  and  the  amount  of  oxygen 
dissolved,  that  it  could  be  efficiently  purified  by  continuous  filtration. 

Mr.  G.  W.  Fuller's  discussion  has  already  adequately  shown  that  the 
design  of  the  filter,  under  ordinary  conditions  of  operations,  was  such 
as  to  preclude  rates  greater  than  5  000  dOO  or  6  000  000  galls,  per  acre 
per  day.  The  experience  of  the  writers,  which  they  understand  has 
been  confirmed  by  several  other  investigators,  leads  them  to  believe 
that,  with  not  too  muddy  waters,  good  results  can  be  secured  with 
slow  sand  filters  operated  at  rates  as  great  or  even  greater  than  those 
just  indicated,  during  the  warmer  seasons  of  the  year,  and  possibly 
during  all  but  the  coldest  weather.  The  eff'ect  of  this  information 
upon  the  possibility  of  obtaining  satisfactory  effluents  with  a  filter 
surface  the  parts  of  which  are  at  the  same  time  clogged  to  varying 
degrees,  thus  permitting  some  variation  in  rate,  is  obvious. 

Where  suitable  means  are  provided  for  carrying  the  applied  water 
over  the  surface,  without  disturbance  of  the  sand  or  partially  formed 
schmutzdecke,  back-filling  with  filtered  water  does  not  appear  to  the 
writers  to  be  necessary.  In  the  design  of  the  Lawrence  filter,  advantage 
has  been  ingeniously  taken  of  this  possibility. 

The  essential  features  of  sand  filters  for  intermittent  or  continuous 
filti'ation  are  the  same,  the  only  differences  being  those  of  detail  relat- 
ing for  the  most  part  to  processes  of  draining  and  filling,  and  these 
are  not  such  as  to  be  a  bar  to  continuous  oi^eration  with  a  water  which 
can  thus  be  satisfactorily  purified. 

An  interesting  feature  in  the  design  of  the  Lawrence  filter  is  the 
provision  for  the  greatest  lateral  filtration,  before  reaching  the  under- 
drain  system,  of  all  water  passing  through  those  portions  of  the  sand 
body  having  least  depth. 

Mr.  G.  W.  Fuller,  on  page  333,  has  called  attention  to  a  most  im- 
portant question,  and  it  is  hoped  that  students  of  filtration  will 
succeed  in  producing  some  more  determinative  method  of  indicatmg 
the  value  of  sands  as  filtering  mediums  than  the  present  makeshift 
of  stating  the  percentage  of  grains  of  certain  sizes. 

Expense  of  Maintenance. 

So  far  as  the  writers  are  aware,  the  general  subject  of  the  disturb- 
ance of  work  by  rain  and  the  difficulty  in  scraping  caused  by  light  falls 
of  snow,  introduced  by  Mr.  Bailey  (page  323)  and  Mr.  Collins  (page 
328),   is  one  to   which    reference    has  not    previously  been  made    in 
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Messrs.  the  discussion  of  the  operation  of  uncovered  filters.  This  is  another 
Hyde.  reason  in  favor  of  providing  covers  for  sand  filters  in  climates  warmer 
than  those  which  have  hitherto  been  regarded  as  suflficiently  mild  for 
ojjen  construction.  If  the  writers  correctly  interpret  the  general  con- 
sensus of  opinion,  there  is  a  growing  tendency  to  cover  filters  in  many 
cases  where^formerly  it  was  considered  unnecessary. 

Mr.  Hazen's  deduction  of  figures  on  pages  313  and  314,  showing 
the  relative  economy  of  the  Lawrence  filter  compared  with  the  Albany 
plant,  on  the  basis  of  actual  cost  of  filtration  including  fixed  as  well  as 
operative  charges,  is  certainly  most  interesting,  and,  to  those  who  have 
not  studied  relative  cost  from  this  standjioint,  somewhat  unexpected. 

The  writers  cannot  but  feel  especially  gratified  that  so  many  de- 
tailed figures  of  the  comparative  cost  of  operating  certain  representa- 
tive American  filter  plants  have  been  advanced.  All  these  studies 
point  to  the  fact  that  great  saving  can  and  should  be  effected  in  the 
cost  of  conveying.  In  all  the  larger  filtration  projects  of  the  future, 
this  item  will  doubtless  receive  much  consideration,  and  it  is  reason- 
able to  exjiect  that  decided  advantage  will  be  gained  by  the  use  of 
mechanicarappliances  for  this  work. 

Chemical  and  Bactebial  Eesults. 

Unfortunately,  so  far  as  the  authors  are  aware,  no  measurements  to 
determine  the  quantity  of  ground- water  entering  the  main  conduit  and 
old  filter  gallery  have  been  made.  If  some  water  were  derived  from 
the  river  by  infiltration  through  the  embankment  and  through  the 
bottom  of  the  filter,  there  would  be  little  reason  to  exj^ect  any  increase 
in  chlorine,  or  an  appreciable  increase  in  hardness  or  total  solids. 
Moreover,  all  evidence  in  canal  and  river  work  at  Lawrence  goes  to 
show  that,  in  a  very  short  time  after  any  disturbance,  the  bank  and 
bed  of  the  stream  become  so  completely  clogged  with  silt  as  to  render 
them  practically  impervious. 

The  area  of  the  superficial  water-shed  directly  tributary  to  the 
filter  is  so  small  as  to  preclude  the  possibility  of  any  considerable 
portion  of  the  daily  supply  coming  from  that  source.  It  is  quite 
pos.sible,  however,  that  the  actual  area  of  territory  tributary  to  the 
filter  may  be  much  greater  than  the  apparent  water-shed.  Perhaps 
it  is  the  yield  of  water  from  such  a  district  which  is  responsible  for 
the  very  considerable  difference  between  certain  constituents  found  in 
river  water  and  those  found  in  the  water  in  the  pump-well.  Table 
No.  17  shows  that  the  hardness  of  the  effluent  has  been  increased 
beyond  that  of  the  applied  water,  an  average  of  about  4:0%;  the  total 
solids  by  an  average  of  possibly  as  much  as  25  to  30%",  and  chlorine 
by  about  9  per  cent.  The  excess  of  these  constituents  has  been  less  in 
recent  years.  The  average  amount  of  iron  found  in  the  effluent  of  the 
filter  during  1899  is  stated  in  the  report  of  the  Massachusetts   State 
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Board  of  Health  as  0.54  part  jjer  million,  but  the  amount  jireseut  in       Messrs. 
,,  ,.    ,         ,        .  ,      .  Knowlesand 

the  applied  water  is  not  given.  Hyde. 

A  series  of  samples,  analyzed  under  the  direction   of  the  writers, 

was  collected  on  July  15th,  1901,  from  the  following  sources:  Merri- 

mac  River,  opposite  intake  of  filter;  effluent  from  underdrain  of  Bed 

No.   4;  effluent  of  entire  filter;  ground-water  entering  filter  gallery 

near  manhole.     The  results  of  the  analyses  of  these  samples  are  given 

in  Table  No.  57. 

TABLE  No.  57. 


o 

Parts  Per  Million. 

Source. 

il 
"1 

1 

.1 
o'3 

o 

o 

o 

d 
g 

l{ 

Merriinac  River 

10 
10 
5 
5 

84 
62 
122 
121 

44 
50 
68 
70 

9.6 
6.3 
6.8 
5.7 

4.1 
3.8 
5.2 
4.5 

1.18 
0.30 
0.58 
0.13 

13 

Underdrain,  Bed  No.  4... 

0.24 

o'm 

29 
.33 

65 

The  samples  indicate  that  the  total  solids,  total  hardness  and  chlorine 
are  much  greater  in  the  filter  effluent  than  in  the  river  water.  The 
amount  of  iron  in  solution  in  the  ground- water  as  collected  was  less  than 
in  the  effluent  of  the  filter,  and  the  chlorine  was  also  lower.  The  total 
hardness  of  this  sample  was  nearly  double  that  of  the  effluent  of  the 
filter,  but  the  total  amount  of  solids  contained  was  about  the  same. 

It  will  be  noted  that  Table  No.  23,  showing  the  free  ammonia 
present  in  the  Merrimac  River  as  given  by  Mr.  Hazen,  does  not  accord 
with  the  figures  compiled  by  the  writers  in  Table  No.  17.  Mr.  Hazen's 
figures  represent  the  averages  of  monthly  samples  analyzed  at  the 
Boston  laboratory  of  the  Massachusetts  State  Board  of  Health,  being 
the  only  series  for  the  full  period  mentioned  and  used  by  him;  while 
the  figures  used  by  the  writers  are  the  averages  of  weekly  samples 
collected  from  the  same  place  and  analyzed  at  the  laboratory  of  the 
Lawrence  Experiment  Station,  and  for  the  shorter  period  represent  a 
greater  number  of  sam^jles,  and  thus  are  better  to  use. 

In  regard  to  the  general  decrease  year  by  year  in  the  numbers  of 
bacteria  i^resent  in  the  water  of  the  Merrimac  River  and  in  the  filter 
effluent,  to  which  attention  has  been  called  by  Mr.  Soper,  the  writers 
do  not  feel  competent  to  assign  any  definite  cause.  They  feel  con- 
fident, however,  that  the  results  for  river  and  filtered  waters  for  stated 
periods  are  directly  comparable.  Methods  of  laboratory  j^rocedure  in 
bacteriological  analysis  of  waters  have  undergone  some  change,  and 
it  is  quite  certain  that  the  results  given  have  been  the  best  product  of 
the  times.  It  is  known,  however,  that  many  large  streams  seem  to 
have  certain  cycles  in  which  less  numbers  of  bacteria  are  found  for  a 
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Messrs.      time;  and  it  is  also  true  that  as  a  filter  grows  in  age  the  effluent  con- 
Hyde,       tains  fewer  bacteria,  and  disturbances  formerly  causing  serious  effects 

then  seem  to  occasion  no  trouble. 

Mr.  Whipple's  discussion  is  particularly  interesting,  and  throws 

light  on  the  troublesome  question  as  to  whether  covered  reservoirs,  in 

which  to  store  filtered  water,  are  needed. 

Prevalence  of  Typhoid  Fevek  in  Lawrence. 

In  Mr.  Hazen's  discussion  of  the  actual  benefit  secu.red  by  the  use 
of  filtered  water,  as  shown  by  the  decreased  prevalence  of  typhoid 
fever  in  Lawrence,  the  effect  upon  the  health  of  the  people  of  Law- 
rence caused  by  the  introduction  of  a  purer  water  supply  by  the  City 
of  Lowell  appears  not  to  have  been  directly  included.  The  conse- 
quent very  marked  decrease  in  the  number  of  cases  of  typhoid  fever 
occurring  in  that  place  (Lowell  doubtless  being  the  chief  and  the 
most  direct  source  of  infection  of  Merrimac  River  water  with  the 
germs  of  the  disease  in  question)  must  have  been  influential  in  reduc- 
ingthe  sickness  from  typhoid  fever  in  Lawrence,  even  if  the  river  water 
were  continued  in  use  without  purification.  This  fact  must  be  re- 
garded as  offsetting  in  some  measure  the  general  increasing  pollution 
of  the  river  water  during  recent  years.  Other  discussions  state  that 
the  writers'  estimate  of  usefulness  of  the  filter  is  too  large,  and  for 
these  and  other  reasons  the  writers  still  believe  that  their  original 
estimate  of  the  efficiency  of  the  filter,  viewed  from  the  standpoint  of 
the  reduction  of  the  typhoid  fever  death  rate,  is  rational.  It  is  not  un- 
reasonable, however,  also  to  assume  that  the  filter  has  been  instru- 
mental, as  Mr.  Hazen  suggests,  in  reducing  the  general  death  rate, 
particularly  in  so  far  as  this  is  affected  by  deaths  from  diarrhoeal  dis- 
eases. But  above  all,  in  agreement  with  Mr.  Soper's  statement,  the 
writers  believe  that,  whatever  the  actual  numerical  estimate,  the 
whole  work  and  exijenditure  has  been  worth  more  than  all  it  cost. 

The  writers  heartily  agree  with  the  views  expressed  that  "percentage 
of  removal"  is  not  the  only  criterion  of  efficiency  of  filtration,  but  the 
residual  numbers  of  bacteria  in  the  effiuent  of  a  filter  is  a  more  definite 
gauge  when  the  infliient  contains  large  numbers.  Especial  signifi- 
cance is  attached  to  this  view,  in  the  minds  of  the  writers,  as  recent 
studies  coming  under  their  observation  point  to  the  fact  that  B.  Coli 
Communis,  the  representative  bacterium  indicating  sewage  contami- 
nation, jsasses  through  ordinary  sand  filters  in  as  great  ii  not  greater 
proportion  than  bacteria  of  other  species  with  which  it  is  present  in 
the  ajjplied  water. 

The  statements  in  the  last  few  paragraphs  of  Mi*.  Tribus'  discussion 
are  to  the  jjoint,  and  the  writers  believe  that  where  the  cost  is  not  un- 
necessarily large,  and  under  other  favorable  conditions,  a  pure  supply 
from  uncontaminated  mountain  sources  has  advantages  over  a  purified 
water  from  a  sewage-iDolluted  stream. 
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TRANSITION  CURVES. 


By  W.  B.  Lee,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 

For  ordinary  railroad  purposes,  tlie  transition  curves  in  common 
use  are  of  about  equal  utility.  All  require  tables,  and,  with  these  in 
hand,  can  be  readily  staked  out.  When,  however,  we  are  confronted 
with  the  task  of  designing  and  detailing  for  the  shop,  track-work  such 
as  turnouts  and  crossings,  new  problems  arise.  The  multiple  compound 
curve  requires  a  maze  of  complicated  comj^utation  when  applied  to 
this  class  of  work  (in  which  loci  are  absolutely  necessary).  The  cubic 
parabola  appeals  to  the  writer  as  the  simplest  curve  which  will  fulfill 
the  conditions  of  a  transition.  But,  it  has  been  urged  by  some  that 
the  cubic  parabola  is  not  a  triie  transition  curve,  nor  can  it  be  readily 
staked  out  with  a  transit. 

Let  us  see,  then,  if  we  can  more  nearly  approximate  these  prerequi- 
sites in  a  curve  of  similar  character. 

In  developing  the  cubic  parabola  the  deviation  from  exact  values 
consists  in  substituting  the  differential  of  the  abscissa  for  the  differ- 
ential of  the  length  of  the  curve,  in  the  general  formula  for  the  radius 
of  curvature, 


dg" 

dx^             dx- 

d  X  d^  y  ~ 

d  X  d^  y        d'  y 
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Now,  if  we  reverse  the  substitution  we  can  say 

ds^        _  ds'^ 
dsd^  y    ^  d^  y 

Equating  with'tlie  other  value  of  r  = ^,  and  inverting,  we  have 

d^  y  __      s 
d  s^  ~  R  Si' 

whence,  by  integrating'twice,  we  have  y  =  . 

This  is  more  nearly  the  equation  of  a  true  transition  curve,  for 

R  s 
r  = (which  fulfills  the  condition  of  a  transition  curve,  and  in 

which  R  is  the  radius  of  the^circular  curve  to  be  eased,  and  Sj  the  total 
length  of  the  transition  curve)  is  now  exact,  and  the  substitution  of 
d  s  for  d  X  involves  less  error  than  the  substitution  of  d  x^  for  d  s\ 
Moreover,  since  it  is  expressed  in  terms  of  the  length  of  the  curve,  it 
is  better  adapted  to  staking  out  with  a  transit.  Before  the  deflection 
angles  can  be  readily  obtained,  x  must  be  determined.  This  cannot  be 
found  exactly  in  a  finite  number  of  terms,  but,  by  a  slight  approxima- 
tion, a  very  convenient  and  practical  formula  can  be  developed. 

In  triangles  of  small  angle  between  hyjjothenuse  and  base  we  may 
express  the  excess  of  the  former  over  the  latter  as  follows: 

Let  e  =  excess  ;^j  =  perpendicular;  /^  ^hyjjothenuse;  and  b  =base. 

Then  e  =  -—-j-  (nearly),  for  /r  —  b-  =p',  but  b  =  h  —  e,  whence 
Jr  —  (li"  —  1he-\-  e^)  =  p^  and  e  =  ^yy-^ — ;   dropping  —  e-,  as  relatively 

very  small,  we  have  e  =  ■—-  (nearly) (Q.  E.  D.) 

Call  the  total  excess  of  s  over  x,  t,  that  is,  x  =^  s  —  t. 
Then  d  t 


df 


2  d  s 

„  s^  ,  s^  d  s         ,    ,  s*  d  s^ 

Now  y  =  7^-^=. — ,       d  y  ^=  -— p — ,      d  y 


Substituting,  d  t 


^  d  s 


8  R" 


Integrating,         t  =  ^ — 5-,  and  x  =  s- 


AO  R~  s\'  AO  R' s\ 

g5 

.     p3 — ^  may  be  obtained  on  the  slide  rule  to  the  one-hundredth 
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part  of  a  foot.     Any  value  of  .v  being  now  at  hand  we  may  determine 
any  deflection  angle  B  by 

^  =  tan.  B. 

X 

The  total  angle  A  which  is  made  by  a  tangent  to  the  curve  at  any 
point  with  the  initial  tangent  is  found  as  follows: 

—^  =  sm.  A, 
as 


sin.  A. 


This  curve  has  the  further  advantage  that,  after  we  have  fixed  the 

constant  R  s^,  we  can  find  any  r  (by  dividing  the  constant  by  s)  with 

a  greater  degree  of  accuracy  than  in  the  ordinary  cubic  parabola. 

x^ 

-,  the  curve 


^ 

~  6  Ms, 

d.y 

s2 

ds 

~2R  «, 

For  those  who  would  still  prefer  the  equation 
may  be  rectified  by  the  following  formula: 

It  is  found  in  the  same  manner  as 


6  R  .z-i' 


Notwithstanding  the  substitute  which   he  has  oflfered,  the  writer 
would  still  urge  upon  those  engaged  in  designing  layouts  of  track- 

work  the  use  of  the  equation  ?/  =  ,  on   account   of  the   facility 

with  which  intersections  may  be  determined  by  it.  For  example,  sup- 
pose we  have  two  transition  curves  leaving  a  common  tangent  and 
intersecting,  as  in  Fig.  1. 


'!/i  =  3/2.    -^1  +  ■■«: 
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To  simplify  formulas  let  tis  call  R  .r^,  the  constant  quantity  in  the 
equation  of  the  curve,  Cj  and  C.^, 

then  y^  =  rc:=y-^-ih;' 

and  ;r,  =  x.y       zl  • 

substituting  in  x^  +  x.^  =  100, 


Ji 


and 


-1  +  x,  =  100, 

100 


4 


h^ 


after  finding  x■^,  y-^  and  y.^,  we  may  find  the  total  angle,  A,  for  each 
curve,  by  tan.  A  =     ' "    ,  and  their  sum  is  the  angle  of  intersection. 
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DISCUSSION . 


George  D.  Snyder,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  a  Mr.  Snyder, 
valuable  addition  to  the  mathematics  of  transition  curves,  and  the 
formulas  given  are  of  great  practical  utility,  particularly  in  street  rail- 
way work.  It  is  unfortunate  that,  notwithstanding  the  uniform  prac- 
tice which  exists  in  this  country  in  regard  to  staking  out  railway 
curves,  such  a  wide  diversity  should  exist  in  the  use  or  non-use  of 
transition  curves.  In  spite  of  the  various  articles  which  have  ajjpeared 
in  the  technical  press,  and  the  discussions  by  engineering  societies,  no 
general  use  of  transition  curves,  or  general  uniformity  of  i^ractice,  has 
resulted. 

All  agree  as  to  the  benefits  to  be  derived  from  the  use  of  such 
curves,  and  many  valuable  methods  of  staking  them  out  have  been 
published,  but,  for  some  reason  or  other,  the  jjractical  men  who  are 
called  on  to  introduce  them  seem  to  fight  shy  of  them  as  a  needless 
refinement. 

A  comparison  of  the  various  methods  will  show  that  most  of  them 
differ  but  little,  and  give  results  that  are  practically  uniform,  within 
reasonable  limits.  The  formulas  are  generally  simple,  and  the  appli- 
cation not  complicated.  In  most  methods  the  necessary  information 
for  use  in  the  field  has  been  tabulated  for  convenience,  and  the  fact 
that  these  tables  are  more  or  less  complicated,  and  limited  in  scope, 
may  have  deterred  some  from  using  them.  As  the  necessary  calcula- 
tions are  not  complicated,  it  would  seem  that  the  use  of  tables  is 
unnecessary.  The  author  refers  to  the  use  of  the  slide  rule  for 
such  calculations,  and  the  writer  is  of  the  opinion  that,  if  the  use  of 
this  instrument  was  more  general,  a  more  general  use  of  transition 
would  result,  as  with  its  aid  all  the  calculations  necessary  for  a 
transition  curve  can  be  made  in  a  few  minutes,  thus  making  tables 
unnecessary. 

The  author's  formulas  are  well  adapted  for  use  on  the  slide  rule. 
They  can  be  applied  to  a  method  of  deflections  or  offsets,  the  ofi"set 
method  being  generally  more  convenient  for  railroad  work,  for  the 
reason  that  the  field  work,  field  notes  and  plotting  of  the  curve  are 
but  little  changed  from  the  methods  in  use  for  ordinary  curves;  also, 
for  the  reason  that  the  transition  curve  need  not  be  staked  out  in  detail 
during  the  preliminary  stages  of  the  work,  but  merely  jjrovided  for  by 
offsetting  the  circular  curve,  toward  its  center  from  the  tangents,  leav- 
ing the  staking  of  the  transition  curve  until  ready  for  the  laying  of 
the  track. 

On  railroad  work,  using  the  offset  method,  the  information  required 
for  any  given  degree  of  curve  is,  the  length  of  transition  curve,  the 
offset  from  the  tangent  to  the  main  curve  when  prolonged  to  a  parallel 
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Mr.  Snyder,  tangent  at  the  p.  C,  and  the  intermediate  offsets  to  various  points  on 
the  transition  curve.     For  this  purpose  the  author's  formula  becomes: 

MR 

In  which  Y=  the  offset  to  the  main  curve  at  the  P.  C. 

5  730 
By  putting  -j^  =  H, 

in  which  D^  is  degree  of  curve,  we  get 


137  520 


,  a         1137  520  Y 

and 


-4- 


BO 


With  this  formula,  by  a  single  setting  on  the  slide  rule,  the  offeet 
for  any  length  of  transition  curve  for  any  given  degree  of  curve  can 
be  obtained  to  the  nearest  one-hundredth  of  a  foot,  at  a  glance.  In- 
termediate offsets,  being  as  the  cube  of  the  distance,  can  likewise  be 
obtained  readily  on  the  slide  rule. 

The  transition  curve  bisects  the  offset  Fat  the  P.  C,  and  is  bisected 
by  the  offset  line  at  this  point.  It  will  be  found  most  convenient  in 
practice  to  divide  the  half  length  of  the  transition  curve  into  a  num- 
ber of  equal  parts,  and  calculate  on  the  slide  rule  the  offsets  for  a  corre- 
sponding number  of  points.  Points  can  then  be  set  on  half  the 
transition  curve  by  offsets  from  the  tangent,  and  on  the  remaining 
half  by  offsets  from  the  circular  curve,  using  the  same  offsets  in  in- 
verse order  and  opposite  direction. 

If  the  deflection  method  is  preferred,  the  deflections,  being  as  the 
square  of  the  distance,  can  likewise  be  obtained  readily  on  the  slide 
rule.  The  preceding  methods  and  formtilas  can  be  applied  wath  equal 
facility  to  compound  and  reverse  curves,  and  to  the  improvement  of 
old  lines,  as  well  as  on  new  construction. 

The  writer  used  similar  methods  on  the  introduction  of  transition 
curves  on  more  than  100  miles  of  existing  railway,  and,  while  the 
methods  used  were  not  mathematically  exact,  no  errors  sufficient  to  be 
appreciable  manifested  themselves  in  the  field  work.  In  this  work, 
stone  monuments  were  set  to  mark  the  beginning,  end  and  middle 
points  of  each  transition  curve,  intermediate  points  being  set  about 
25  ft.  apart  and  marked  by  oak  stakes. 

The  cost  of  this  work  may  be  of  interest.  The  most  expensive 
work,  naturally,  was  where  there  was  the  most  curvature,  which  was 
on  a  section  about  20  miles  long,  47%"  being  curved,  the  average  de- 
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gree  of  curve  being  5°  00'  and  the  amount  of  curvature  being  125°  05'  Mr.  Snyder, 
per  mile.     The  cost  per  mile  was  as  follows: 

Adjusting  and  marking  center  line ^17 .  17 

Stone  monuments 3 .  60 

Labor,  planting  and  distributing  monuments 7.50 

Total $28.27 

For  this  sum  per  mile  a  railroad  can  put  the  easing  of  its  curves 
on  a  more  scientific  basis  than  the  "  crow-bar"  and  " rule-of -thumb " 
methods  of  the  track  foreman,  and  at  the  same  time  obtain  miich 
better  results. 

Some  roads  are  expending  large  sums  for  the  elimination  of  curva- 
ture, and  many  others  only  refrain  from  doing  so  for  lack  of  funds. 
The  latter  may  find  the  introduction  of  transition  curves  a  profitable 
investment,  pending  the  time  when  they  can  afford  to  eliminate  their 
excessive  curves  entirely. 

C.  A.  SuNDSTKOM,  M.  Am.  Soc.  C.  E.  (by  letter). — Transition  curves  Mr.Sundstrom. 
are  of  great  importance  to  the  railroad  engineer,  and  are  gradually 
coming  into  more  general  use.  These  curves  are  also  of  great 
importance  to  the  traveling  ijublic.  For,  if  a  railroad  is  jjrovided 
with  transition  curves,  there  can  be  no  shock  and  subsequent  incon- 
venience to  the  passengers  when  the  train  is  entering  or  leaving  a 
curve.  But,  although  the  cubic  parabola  is  the  only  curve  that  fully 
meets  the  conditions  of  a  transition  curve,  the  sjjiral  is  more  commonly 
used.  There  can  be  no  other  reason  for  this,  than  that  the  majority 
of  railroad  engineers  imagine  that  it  is  impossible  to  stake  out  a  cubic 
parabola  by  means  of  a  transit.  The  writer  has  had  a  great  deal  of 
experience  with  transition  curves,  and  nearly  twenty  years  ago 
worked  up  tables  which  will  enable  the  engineer  to  stake  out  a  transi- 
tion curve,  derived  from  the  cubic  parabola,  just  as  easily  as  a  cii'cular 
curve. 

Before  showing  the  use  of  the  tables,  it  will  be  necessary  to  review 
briefly  some  of  the  theories  upon  which  they  are  based. 

The  equation  of  the  cubic  parabola  is 

in  which  R  is  the  radius  of  the  center  curve,  and  /  the  length  of  the 
l)arabolic  arc. 

This  being  the  equation  of  the  cxirve  obtained  when  a  cantilever 
beam  bends  under  the  action  of  a  load  suspended  at  the  free  end,  the 
cubic  parabola  is  also  called  the  elastic  curve. 

The  length  of  the  parabolic  arc  depends  upon  the  elevation  of  the 
outer   rail  and   the   grade  assumed  in  order   to  reach  or   leave   the 
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Mr.Suncisti-om.  elevation.     The  elevation,  h,  of  the  outer  rail  depends  upon  the  gauge 
G,  the  velocity  v,  and  the  radius  of  curvature  R. 


Thus 


gR 


Gv- 
36.16  i^* 


Assuming  a  grade  of   1  ft.  in  n  feet,  the  length  of  the  parabolic 
arc  will  be 

nGv^        G 


1=7^71  = 


32.16  i?  ~  R 


C  denoting 


G  v^ 


32.16  ■ 
By  differentiating  the  equation  of  the  cubic  parabola  we  obtain 

2Rr 


dy 
dx 


which  is  the  natural  tangent  of  the  angle  which  the  tangent  to  any 
point  of    the    curve    makes 
with    the     tangent     of    the 
curve. 

The  deflections  are  ob- 
tained by  considering  the 
triangle  ^  i?  C,  in  Fig.  2, 
in  which  A  B  B  y&  the  para- 
bolic arc,  the  tangent  of 
which  is  A  G.     The  deflection  angl 


BAG, 


Fig.  2. 
r  (/,  is  obtained  from 


^^""■'^-^^-^r^G- 

Thus  the  deflection  is  a  function  of  the  distance  only,  and  entirely 
independent  of  the  main  curve. 

The  deflection  for  the  point  of  osculation  is  obtained  from 


tan.  d 


6RI 


6G' 


The  tables  have  been  calculated  in  conformity  with  the  following 
conditions:  That  the  grade  of  the  outer  rail  rises  1  ft.  in  300  ft.;  the 
velocity  is  40  miles  an  hour,  and  the  gauge  is  4  ft.  9  ins.  Consequently, 
the  constant  G  =  152314.74.  These  tables  can  be  used  also  for  a  speed 
of  60  miles  per  hour,  but,  in  that  case,  the  grade  of  the  outer  rail  rises 
1  ft.  in  133.3  ft. 

The  tables  are  best  illustrated  by  an  example. 

Let  A  B  and  A  G  (Fig.  3)  be  two  tangents,  intersecting  at  A;  the 
angle  of  intersection  PA  B  =  120°.  Given,  a  6°  curve,  to  determine 
the  elastic  aj^i^roaches. 
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The   first  step  is  to  ascertain  whether  the  intersection   angle  is  Mr.Sundstrom. 
large  enough  for  a  6°  curve. 

According  to  Table  No.  1  the  tangential  angle  for  a  6°  curve  is  4° 
46'.  This  is  the  angle  K  F  E.  As  the  angle  S  I  F  =  P  A  B  —  2 
{KF  E),  it  is  evident  that,  when  the  angle  P  A  B  =  2  [K  F  E),  the 
angle  S I F  is  equal  to  0.  In  that  case  the  jjoints  iV  and  E  coincide, 
and  the  curve  consists  of  two  elastic  approaches  only.  When  2  [KF E) 
is  larger  than  the  intersection  angle  P  A  B,  the  center  curve  must  be 
changed  to  a  degree  of  curvature  having  a  suflSciently  small  tangential 
angle. 


Fig.  3. 


In  this  example,  however,  the  intersection  angle  is  120^,  and 
2  [K F  E)  =  9°  32'.  Hence  the  given  intersection  angle  satisfies  the 
required  conditions. 

We  must  now  find  the  distance  ^  C  in  order  to  find  the  point  of 
curvature. 

AC=AD+DC=OD  cotan.  0  A  D  ^-  D  G 
=  {OH-\-HD)ta.n.  B  0A-\- JD  C 

=  (i?  +  .s)  tan.^+i-; 

E  being  the  radius  of  the  center  curve  ;  s  the  corresponding  shift, 
D  H;  /the  intersection  angle,  and  I  the  length  of  the  parabolic  arc,  or 
elastic  approach. 
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Jli-.Sundstrom.        We  liave,  therefore, 

1 200  1 nq  a 

A  C  =   (955.4   +   1.11)  tan.    tq_   _f.  ^^  =  1736.4. 

The  values  of  I  and  s  are  taken  from  Table  No.  1  for  a  6°  curve. 

After  the  distances  A  C  and  A  B  have  been  measured,  set  the 
transit  at  C  and  sight  on  A,  the  vernier  being  set  at  zero.  If  stakes 
are  to  be  set  every  25  ft.,  the  first  deflection  must  be  for  that  distance. 
According  to  Table  No.  2,  the  deflection  for  25  ft.  is  3',  for  50  ft.  10', 
for  75  ft.  22',  for  100  ft.  37',  for  125  ft.  59',  for  150  ft.  1°  25'.  The 
length  of  the  elastic  approach  for  a  6°  curve,  according  to  Table  No. 
1,  is  159.4  ft.,  which  makes  the  last  deflection  1°  36'.  We  have  now 
reached  the  point  of  osculation.  Set  the  transit  over  the  point  of  oscu- 
lation, E,  and  lay  off  the  tangent,  F  E  G;  the  tangential  angle,  G  F  A, 
being  4°  46'.  The  last  operation  is  best  accomplished  in  the  follow- 
ing manner: 

The  angle  F  EG  =  (?  i^  ^  —  ^  C  A^  =  4©  46'  —  1°  86'  =  3°  10'. 
The  angle  C  E  G,  being  the  supplement  of  the  angle  F  E  C,  is  equal 
to  176°  50'.  After  the  transit  has  been  placed  over  the  point  E,  set 
the  vernier  at  176°  50',  take  a  sight  at  C,  and  turn  the  instrument 
to  zero.  We  have  now  obtained  the  new  tangent,  and  are  ready  to 
lay  out  the  main  curve.  Before  this  can  be  done,  however,  the  inter- 
section angle,  G  I R,  must  be  found.  From  what  precedes,  this  angle 
is  equal  to  PAB  — ^{KFE)=^  120°  —  9°  32'  =  110°  28',  and  we 
stake  out  a  6°  curve  for  this  angle  in  the  usual  manner.  After  the 
point  N  is  reached,  move  the  instrument  to  B,  and  proceed  in  the 
same  manner  with  the  elastic  approach  B  N. 

When  the  intersection  angle  is  small,  that  is  to  say,  a  trifle  more 
than  twice  the  tangential  angle,  the  main  curve  can  be  shifted  and 
provided  with  elastic  approaches  by  simply  furnishing  the  jioiut  of 
curve,  the  point  of  tangent,  the  ijoints  of  osculation  and  the  external 
secant.  The  co-ordinates  for  the  point  of  osculation  are  obtained 
from  Table  No.  1. 

Questions  have  arisen  concerning  the  accuracy  of  the  assumption 
that  the  length  of  the  parabolic  arc  is  equal  to  the  abscissa  of  its 
terminus.  It  must  be  admitted,  of  course,  that  there  is  a  slight  differ- 
ence. In  order  to  ascertain  the  exact  amount  of  this  difference,  a 
formula  for  the  rectification  of  a  cubic  parabolic  arc  will  be  derived: 


•/si 


dy' 


The  length  of  any  arc  is,  L  =  j  ^  |  1  +  — ^  d  x 
The  equation  of  the  cubic  parabola  is 

^   =6C' 

dy  x"" 

hence  -f-  =  ^r-^, 

dx      2  C 


and 
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d  y"^  .r*  Mr.Sundstrom, 

"rf^2  =4  (72- 

\ 


Thus  Z  =  y(l  +  j^,)'o?a; 


+  etc. 


.r 

+ 

MW 

+ 

Cu 

X 

= 

0,       Cj 

,  = 

0; 

X 

-f- 

8  (7=-'      32  C2 

As  C  is  very  large  in  comijarison  with  x,  the  third  term  in  the  series 
can  be  discarded/and 


for 

hence 

Examining  the  length  of  a  parabolic  arc  for  an  abscissa  of  100  ft. 
it  is  found  that 

^-■^"^  +  40  X  (152  314)=" 
or,  i  =  100  +  0.011  =  100  ft.  0^  in. 

For  an  abscissa  of  150  ft.  the  arc  is  equal  to  150  ft.  1  in. 

For  an  abscissa  of  186  ft.,  the  largest  one  in  the  tables,  the  arc  will 
be  186  ft.  2|  ins. 

For  an  abscissa  of  200  ft.,  the  arc  is  equal  to  200  ft.  4^  ins. 

These  figures  show  that,  for  practical  purposes,  the  arc  may  be 
assumed  to  be  equal  to  the  abscissa  of  its  terminus.  Where  shop 
work  is  required,  the  longer  arcs  ought  to  be  rectified. 

The  foregoing  refers  only  to  the  tables  which  have  been  calculated 
for  steam  railroad  puri^oses.  In  the  curves  for  street  railways,  as  will 
be  seen  from  the  tables,  the  arcs  have  been  rectified. 

The  writer  has  frequently  had  occasion  to  run  in  transition  curves 
on  street  railroads,  and  then  used  the  figures  in  Table  No.  3.  The 
convenience  of  this  table  is  self-evident,  and  its  use  presents  no  diffi- 
culties in  the  shop,  as  the  same  templet  can  be  used  for  all  approaches, 
the  only  variable  quantity  beiag  the  length. 
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TABLE  No.  1. 


Degree 

of 

curvature. 


Length 

of  parabolic 

arc. 


Ordinate  in 

point  of 
osculation. 


Tangential  angle 

in  point 

of  osculation. 


163.9 
166.1 
168.9 
170.5 
172.7 
174.9 
177.1 
179.3 
181.5 
183.8 
186.0 


0.14 
0.15 
0.16 
0.18 
0.19 
0.20 
0.22 
0.24 
0.25 
0.27 
0.29 
0.31 
0.33 
0.35 
0.37 
0.39 
0.42 
0.44 
0.47 
0.49 
0.52 
0.55 
0.58 
0.61 
0.64 
0.67 
0.71 
0.74 
0.78 
0.82 
0.85 
0.89 
0.93 
0.98 
1.02 
1.06 
1.11 
1.16 
1.20 
1.25 
1.30 
1.36 
1.41 
1.46 
1.52 
1.58 
1.64 
1.70 
1.76 


0.55 
0.60 
0.65 
0.71 
0.76 
0.82 
0.88 
0.95 
1.02 
1.08 
1.16 
1.24 
1.32 
1.40 
1.49 
1.58 
1.67 
1.77 
1.87 
1.98 
2.09 
2.20 
2.32 
2.44 
2.57 
2.70 

2!97 
3.12 
3.26 
3.42 
3.57 
3.74 
3.90 
4.08 
4.25 
4.44 

4!81 
5.01 
5.23 
5.42 
5.64 
5.86 
6.08 
6.31 
6.55 
6.79 
7.04 


1°  12' 
1°  16- 
1°  20; 

1°  29' 

1°  33' 

1°  38' 

1°  42- 

1°  47' 

1°  53' 

1°  57; 

2°  r 
3°  13" 
2°  18' 
2°  24' 
2°  30' 
2°  35' 
3°  41' 
3°  47' 
2°  53' 


3°  13 
3°  19' 


3°  46' 
3°  53' 
40  1- 

4°  15' 
4°  33' 
4°  31' 

4°  46' 
4°  54' 
5°  3' 
5°  10" 
5°  19' 
5"  37' 
5="  36' 
5°  44' 
5°  53' 
6°  2' 
6°  11' 
6"  30- 
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TABLE  No.  2. 


Deflection. 

Distance. 

Deflection. 

Distance. 

Deflection. 

Distance. 

1' 

16.3 
23.1 
28.2 
32.6 
36.5 
39.9 
43.1 
46.1 
48.9 
51.6 
54.1 
56.5 
58.8 
61.0 

65."2 
67.2 

71 '.1 
72.9 
74.7 
76.5 
78.2 
79.9 
81.5 
83.1 
84.7 
86.3 
87.8 
89.3 
90.8 

93  !7 
95.1 
96.5 
97.8 
99.2 
100.5 
101.8 
103.1 
104.4 
105.7 
106.9 
108.1 
109.4 
110.6 
111.8 
113.0 
114.1 
115.3 
116.4 

52' 

117.6 
118.7 
119.8 
120.9 
122.0 
123.1 
124.2 
125.2 
126.3 
127.4 
128.4 
129.4 
130.4 
131.5 
132.5 
133.5 
134.5 
135.4 
136.4 
137.4 
138.3 
139.3 
140.3 
141.2 
142.2 
143.1 
144.0 
144.9 
145.8 
146.7 
147.7 
148.6 
149.5 
150.3 
151.2 
152.1 
153.0 
153.8 
154.7 
155.6 
156.4 
157.3 
158.1 
158.9 
1.59.8 
160.6 
161.4 
162.3 
163.1 
163.9 
164.7 

43' 

165.5 

2' 

53' 

44'.. 

3' 

54' 

45' 

167  1 

4' 

55' 

46' 

167  9 

5'. 

56' 

47'. 

168  7 

6' 

57'. 

48' 

169  5 

58' 

49' 

170.3 

8'. 

59'   . 

50' 

171  0 

9' 

1°        

51' 

171.8 

10' 

52' 

172  6 

ir 

2' 

53' 

173.4 

12'. 

3' 

54' 

13' 

4    

55'. 

174  9 

14' 

5' 

56' 

175.6 

15' 

6' 

57' 

176  4 

16' 

r 

58' 

177.2 

17' 

8' 

59' 

177.9 

18' 

9' 

2°        

178  6 

19' 

10* 

1' 

179.4 

20' 

11' 

2' 

180.1 

21' 

12' 

3'            .     .. 

180  9 

22'                  

13' 

4' 

181.6 

23' 

14'           ... 

5' 

182  3 

24' 

15'. 

6' 

183.1 

25' 

16' 

7' 

183.8 

26' 

8'  

184.5 

27' 

18' 

9' 

185.2 

10* 

185.9 

29' 

20' 

11' 

186.6 

21' 

12' 

187.4 

31' 

22' 

13* 

188.1 

23':::::::::.: 

14' 

188.8 

33' 

24 

15' 

189.5 

34' 

25' 

16' 

190.2 

26' 

190.9 

36' 

27' 

18' 

191.6 

37' 

28' 

19' 

192  3 

38' 

29' 

20' 

193.0 

39' 

30' 

21' 

193.6 

40' 

31' 

22; 

194.3 

41' 

32' 

195.0 

42' 

33' 

21' 

195.7 

34' 

25' 

196.4 

44' 

35'          

26' 

197.1 

45' 

36' 

27' 

197.7 

37' 

28' 

198.4 

47' 

38' 

199.1 

48' 

39' 

30' 

199.8 

40' 

.31' 

200.4 

50' 

41' 

51' 

42' 
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X 

y 

I 

R 

a 

X' 

y 

r 

4.9 

0  0.S1 

4.900 

128.160 

1°  05'  43" 

5.000 

0.020 

5.000 

5.0 

0.033 

5.000 

125.597 

1°  08'  25" 

5.104 

0.034 

5.104 

9.615 

0.236 

9.620 

65.279 

4°  12'  35" 

10.000 

0.250 

10.006 

10.0 

0.265 

10.006 

62.761 

4°  33'  08" 

10.413 

0.281 

10.415 

10.1 

0.273 

10.106 

62.140 

4°  38'  36" 

10.522 

0.290 

10.524 

10.2 

0.282 

10.206 

61.531 

4°  44'  07" 

10.630 

0.300 

10.632 

10.3 

0.290 

10.307 

60.938 

4°  49'  42" 

10.738 

0.308 

10.741 

10.4 

0.299 

10.407 

60.343 

40  .55'  19" 

10.847 

0.317 

10.850 

10.5 

0.307 

10.507 

59.768 

5-=  01'  00" 

10.955 

0.327 

10.959 

10.6 

0.316 

10.608 

59.199 

5°  06'  44" 

11.0(54 

0.337 

11.068 

10.7 

0.325 

10.708 

58.647 

5°  12'  31  " 

11.173 

0.346 

11.178 

10.8 

0.334 

10.809 

58.098 

5°  18'  20" 

11.282 

0.356 

11.287 

10.9 

0.344 

10.909 

57.566 

5°  24'  14" 

11.390 

0.367 

11.396 

11.0 

0.353 

11.009 

57.043 

5°  30'  10" 

11.499 

0.377 

11.505 

11.1 

0.363 

11.110 

56.524 

5°  36'  10" 

11.608 

0.388 

11.615 

11.2 

0.373 

11.210 

56.020 

5°  42'  13" 

11.718 

0  399 

11.725 

11.3 

0.383 

11.311 

55.520 

5°  48'  18" 

11.827 

0.410 

11.835 

11.4 

0.393 

11.412 

55.029 

5"  54'  27" 

II.9.S6 

0.421 

11.944 

11.5 

0.404 

11.512 

54.551 

6°  00'  39" 

12.045 

0.433 

12.054 

11.6 

0.414 

11.613 

54.076 

6°  06'  54" 

12.155 

0.444 

12.164 

11.7 

0.425 

11.713 

.53.615 

6°  l.T  13' 

12.264 

0.456 

12.274 

11.8 

0.436 

11.814 

53.1.56 

6°  19'  34" 

12.374 

0.468 

12.385 

11.9 

0.447 

11.914 

52.710 

6°  25'  58" 

12.483 

0.480 

12.494 

12.0 

0.459 

12. 015 

52.267 

6°  32'  26" 

12.593 

0.493 

12.605 

12.1 

0.470 

12.116 

51.831 

6°  38'  57" 

12.703 

0.505 

12.716 

12.2 

0.482 

12.216 

51.407 

6°  45'  30" 

12.813 

0.518 

12.827 

12.3 

0.494 

12.317 

50.985 

0°  52'  07" 

12.923 

0.531 

12.937 

12.4 

0.506 

12.418 

50.571 

6°  58'  47" 

13.033 

0.545 

13.048 

12.5 

0..518 

12.519 

50.163 

70  05'  29" 

13.143 

0.558 

13.159 

12.6 

0.531 

12.619 

49.765 

7°  12  15" 

13.253 

0.572 

13.270 

12.7 

0.544 

12.720 

49.370 

7°  19'  04" 

13.364 

0.586 

13.382 

12.8 

0.557 

12.821 

48.981 

7°  25'  56" 

13.474 

0.601 

13.492 

12.9 

0.570 

12.922 

48.598 

7°  32'  51" 

13. .584 

0.615 

13.604 

13.0 

0.583 

13.023 

48.221 

70  39'  49" 

13.694 

0  629 

13.715 

13.1 

0.597 

13.121 

47.850 

7"  46'  50" 

13.805 

0;645 

13.827 

13.2 

0.610 

13.225 

47.485 

7°  53'  54" 

13.915 

0.659 

13.938 

13.3 

0.624 

47.125 

8°  01'  00" 

14.026 

0.675 

14.050 

13.4 

0.639 

13^427 

46.770 

8°  08'  10" 

14.137 

0.691 

14.162 

13.5 

0.653 

13.528 

46.421 

8°  15'  23" 

14.248 

0.707 

14.274 

13.6 

13.629 

46.077 

8°  22'  39" 

14.359 

0.723 

14.386 

13.7 

01682 

13.730 

45.738 

8°  29'  57" 

14.470 

0.739 

14.498 

13.8 

0  697 

13.831 

45.404 

8°  37'  19" 

14.581 

0.755 

14.611 

13.9 

0;713 

13.932 

45.075 

go  44.  44.. 

14.692 

0.773 

14.723 

14.0 

0.728 

14.033 

44.751 

8°  52'  11" 

14.803 

0.790 

14.a35 

14.1 

0.744 

14.134 

44.4.31 

8°  59'  41" 

14.914 

0.808 

14.948 

14.2 

0.760 

14.236 

44.113 

9°  07'  15" 

15.025 

0.826 

15.060 

14.3 

0.776 

14.337 

43.802 

9°  14'  51" 

15.136 

0.844 

15.173 
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14.4- 

14.5 

14.6 

14.7 

14.8 

14.9 

15.0 

15.1 

15.2 

15.3 

15.4 

15.5 

15.6 

15.7 

15.8 

15.9 

16.0 

16.1 

16.2 

16.3 

16.4 

16.5 

16.6 

16.7 

16.8 

16.9 

17.0 

17.1 

17.2 

17.3 

17.4 

17.5 

17.6 

17.7 

17.8 

17.9 

18.0 

18.1 

18.2 

18.3 

18.4 

18.5 

18.6 

18.7 

18.8 

18.9 

19.0 


0.792 
0.809 
0.h26 
0.843 
0.860 
0.878 
0.896 
0.914 
0.932 
0.951 
0.969 
0.988 
1.008 
1.027 
1.047 
1.067 
1.087 
1.108 
1.128 
1.149 
1.171 
1.192 
1.214 
1.236 
1.258 
1.281 
1.304 
1.327 
1.350 
1.374 
1.398 
1.422 
1.447 
1.472 
1.497 
1.532 
1.548 
1.574 
1.600 


1.6.53 
1.680 
1.708 
1.736 
1.764 
1.792 
1.820 


14.439 
14.540 
14.641 
14.743 
14.844 
14.946 
15.047 
15.149 
15.250 
15.352 
15.454 
15.556 
15.657 
15.759 
15.861 
15.963 
16.065 
16.167 
16.269 
16.372 
16.474 
16.576 
16.678 
16.781 
16.883 
16.986 
17.088 
17.191 
17.294 

141499 
17.603 
17.706 
17.809 
17.912 
18.015 
18.118 
18.222 
18.335 
18.428 
18.532 
18.636 
18.739 
18.843 
18.947 
19.051 
19.155 


43.492 
43.190 
42.892 
.  42.596 
42.306 
42.017 
41.735 
41.454 
41.179 
40.906 
40.636 
40.369 
40.109 
39.849 
39.593 
39.340 
39.090 
38.844 


38.120 
37.885 
37.653 
37.422 
37.196 
36.971 
36.750 
36.530 
36.312 
.36.099 
35.887 
35.675 
35.467 
35.262 
35.060 
34.859 
34.661 
34.463 
34.269 
34.078 
33.887 


33.512 
33.327 
33.144 
33.964 
32.784 


9°  30'  12" 
9°  37'  56- 
9°  45'  44" 
9=  53'  34' 
10°  or  27" 
10°  09'  23" 
10°  17'  22" 
10°  25'  24" 
10°  33'  28" 
10°  41'  35" 
10°  49'  45" 
10°  57'  57" 
11°  06'  12" 
11°  14'  .30" 
11°  23  Sl- 
ip 31'  15" 
11°  39-  40  ■ 
11°  48'  13" 
11°  56-  40" 
13°  05'  13- 
12°  13'  50" 
12°  22-  31" 
12°  31'  10" 
12°  39'  54" 
12°  48'  41" 
13°  57'  30" 
13°  06-  31" 
13°  1.5'  15 ' 
13°  24'  12" 
13°  33'  11" 
13°  42'  12" 
13°  51'  16' 
14°  00-  22" 
14°  09-  30" 
14°  18-  41" 
14°  27-  54' 
14°  .37-  10" 
14°  46'  27" 
14°  55-  48" 
15°  05'  10" 
15°  14'  34" 
15°  24'  01" 
15°  33-  10" 
15°  4a-  01" 
15°  52'  35  ' 
16°  02-  10" 


X' 

y' 

15.248 

0.863 

15.359 

0.880 

15.471 

0.899 

15.583 

0.918 

15.695 

0.937 

15.807 

0.957 

15.918 

0.977 

16.030 

0.997 

16.142 

1.017 

16.254 

1.038 

16.366 

1.059 

16.478 

1.080 

16.590 

1.103 

16.702 

1.134 

16.815 

1.147 

16.927 

1.169 

17.039 

1.191 

17.152 

1.314 

17.265 

1.238 

17.378 

17.490 

1.286 

17.603 

1.310 

17.716 

1.335 

17.839 

1.360 

17.943 

1.385 

18.055 

1.411 

18.168 

1.437 

18.281 

1.463 

18.394 

1.489 

18.507 

1.516 

18.620 

1.543 

18.733 

1.570 

18.846 

1.598 

18.960 

1.626 

19.074 

1.655 

19.187 

1.683 

19.300 

1.712 

19.414 

1.741 

19.538 

1.771 

19.642 

1.802 

19.756 

1  832 

19.869 

1.863 

19.983 

1.895 

20.097 

1.927 

20.211 

1.959 

20.325 

1.991 

30.439 

15.286 
15.398 
15.512 
15.626 
15.739 
15.853 
15.966 
16.080 
16.193 
16.307 
16.421 


16.993 
17.107 
17.222 
17.338 
17.454 
17.568 
17.684 
17.799 
17.915 
18.031 
18.147 
18.263 
18.379 
18.495 
18.611 
18.727 
18.843 
18.959 
19.077 
19.194 
19.311 
19.427 
19.545 

19;781 
19.899 
30.016 
2C.134 
20.253 
20.371 
30.490 


.Ea-ampie.— Suppose  it  is  required  to  place  a  curve  of  39  ft.  radius,  with  transition 
approaches,  between  two  tangents,  making  an  anple  of  41°  10'.  The  nearest  radius  to  39,  in 
Table  No.  3,  is  39.09,  which  in  this  case  must  be  used.  The  table  gives  everything  but  the 
tangent.    This  is  found  by  the  following  formula:  T  -  {R  +  s)  tan.  ^  I -\-  x  —  R  sin.  a; 

s  being  equal  to  -^.  ^Then  we  have  T  =  f  39.09  +1^)  tan.  30°  35'  +  16.0  —  39.09  sin. 

11°  31'  15-  =  14.783  +  16.000  -  7.807  =  22.975.  From  inspection  of  Table  No.  3  it  will  be 
found  that  the  radius  of  curvature  gradually  decreases;  thus  it  is,  at  the  distance  of  5  ft. 
from  the  point  of  curve,  =  125.597;  at  the  distance  of  10  ft.  =  62.761.  etc.  When  /  =  2  a, 
the  curve  will  be  composed  of  the  two  approaches  only.  If  the  radius  selected  produces 
an  angle,  a,  so  large  that  2  a  >  /,  a  larger  radius  must  be  selected,  so  as  to  get  a  corre- 
spondingly smaller  angle  a,  or  so  that  2a  becomes  smaller  than  or  equal  to  /. 
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Chakles  C.  "Wentworth,  M.  Am.  Soc.  C.  E.    (by  letter).— When  a  Mr.  Went- 
car  leaves  a  tangent  and  enters  a  curve  there  are  two  distinct  motions 
imparted  to  it:     First,  one  of  translation  about  the  center  of  the  curve; 
second,  one  of  rotation  about  its  own  center. 

For  the  first  of  these  motions,  and  they  may  be  considered  sepa- 
rately, a  circular  curve  is  as  good  as  any  other.  In  fact,  any  curve  is, 
at  a  given  point,  circular,  with  its  corresponding  radius  of  curvature. 
All  that  is  necessary  to  be  done,  then,  in  treating  this  motion,  is  to 
elevate  the  outer  rail  so  that  the  resultant  of  the  centrifugal  force  and 
gravity  may  be  as  near  as  desired  to  a  perpendicular  to  the  plane  of  the 
track. 

To  find  the  theoretical  elevation  in  inches  for  a  track  of  standard 

v~  D 
gauge,  the  formula  E  =  — : — •  may  be  used,  in  which  v  is  the  speed  in 

miles  per  hoiir  and  D  the  degree  of  curvature.  This  is  merely  a 
reduction  from  the  usual  formulas  which  are  given  in  inconvenient 
units,  and  is  put  in  form  for  use  on  the  slide  rule. 

The  second  of  the  two  motions  before  mentioned  is  that  which 
causes  the  jar  on  entering  or  leaving  an  accurately  laid  out  circular 
curve.  This  motion  is  precisely  the  same  as  if  the  car  were  mounted 
on  a  frictionless  turn-table  and  a  force  apjjlied  to  turn  it.  Applying 
such  a  force,  sufficient  to  start  the  table  from  a  state  of  rest  to,  say,  an 
angular  motion  of  l"^  in  1  second,  the  same  force  would  turn  the  car 
through  a  total  angle  of  4°  in  2  seconds.  This  is  what  should  be 
accomplished  by  a  transition  curve.  The  condition,  then,  of  such  a 
curve  is  that  its  tangential  angle  at  any  ijoint  shall  be  laroportional  to 
the  square  of  the  length  of  the  curve,  from  the  point  of  beginning,  or 
P.  C,  to  the  point  in  question. 

The  reason  why  the  putting  in  of  transition  curves  is  left  to  the 
track  foreman,  who  invariably  does  it,  rather  than  to  the  engineer  of 
location,  appears  to  be  that  such  curves  have  been  unnecessarily 
loaded  Avith  too  much  mathematics  for  a  busy  man.  They  can  be 
run  in  on  the  ground  from  either  end  without  the  use  of  any  tables 
whatever. 

For  instance,  it  may  be  desired  to  use  a  transition  curve  such  that 
the  deflection  for  the  first  station  of  100  ft.  will  be  25'  from  the  tan- 
gent at  the  P.  C.  The  deflection  for  2  stations,  or  200  ft.,  will  be  four 
times  this,  orl°40';  for  2^  stations,  or  250  ft.  (2i)-  x  25',  or2c^  36'.  For 
any  distance,  the  square  of  that  distance,  in  feet,  multiplied  by  0.0025, 
will  be  the  deflection,  in  minutes,  from  the  original  tangent. 

After  running  the  transition  curve  as  far  as  desired,  move  the  transit 
to  the  end  of  it,  take  a  backsight  on  the  P.  C.  and  turn  an  additional 
angle  equal  to  twice  the  deflection  angle  used  in  setting  the  stake  at 
the  end  of  the  transition  curve.  This  will  put  the  instrument  on 
tangent  at  the  end  of  the  transition  curve;  the  tangential  angle  at  that 
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Mr.  Went-  or  any  point  being  tliree  times  tlie  deflection  nsed  in  setting  such 
worth.  .    ,  ° 

point. 

The  deflection  for  the  first  100  ft.  being  assumed  as  25',  the  degree 
of  curvature  at  Station  1  (100  ft.  from  the  P.  C)  will  be  6  times  25',  or 
2°  30'.  This  is  the  basis  of  the  degree  of  curvature  at  any  point.  At 
200  ft.  from  the  P.  C,  it  is  5c,  and  at  3(10  ft.,  7°  30'.  At  any  point  it  is 
6  times  the  deflection  for  the  first  100  ft.  multiplied  by  the  length  of 
the  curve,  in  stations,  to  the  point  in  question. 

After  running  in  the  main  curve,  the  P.  T.  of  the  transition  curve 
can  be  set  by  using,  as  a  deflection  from  tangent,  twice  the  deflection 
which  would  be  needed  to  set  the  point  at  the  end  of  the  main  curve 
from  the  P.  T.  Then,  after  moving  up  to  the  P.  T.,  the  intervening 
stakes  can  be  set  back  of  the  transit. 

Of  course,  any  deflection  may  be  assumed  for  the  first  100  ft., 
instead  of  25',  in  order  to  make  the  maximum  transition  curve  of 
any  desired  length.  Mr.  Sundstrom's  tables  agree  closely  with  the 
figures  obtained  as  described  for  a  transition  ciirve,  the  deflection  for 
which  for  the  first  100  ft.  is  37.6'. 

The  method  of  jilanning  and  locating  transition  curves  given 
herein  is  inexact  only  in  the  tangential  angles  when  the  curve  is  of 
considerable  length.  For  instance,  if  12^  be  the  degree  of  the  main 
curve  and  the  transition  curve  be  200  ft.  long  (1°  deflection  for  the  first 
100  ft.),  there  will  be  no  error.  If  300  ft.  long  (40'  deflection  for  the 
first  100  ft.)  the  error  is  2'.  If  400  ft.  long  (30'  deflection  for  the  first 
100  ft. )  the  error  is  5'.  Nevertheless,  as  the  total  angle  is  correctly 
carried  throiigh  from  tangent  to  tangent,  and  as  these  small  difi'er- 
ences  in  no  way  affect  the  track,  the  error,  if  it  may  be  so  called,  is 
immaterial.  The  greatest  error  in  each  case  is  given  above,  which 
occurs  at  the  end  of  the  transition  curve. 

Mr.  Boggs.  J-  I.  BooGS,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).  -  Transition 
curves  are  undoubtedly  of  some  advantage  where  the  radius  is  less 
than  600  ft.,  but  the  writer  heartily  agrees  with  the  "practical  "  man, 
that  they  are  a  "needless  refinement"  where  the  radius  of  curvature 
exceeds  that  figure.  The  elevation  of  the  outer  rail  is  the  determining 
factor  in  the  easement,  and  it  is  a  well-known  fact  that  if  this  eleva- 
tion is  properly  adjusted  for  si^eed  and  gauge,  and  graded  back  on  the 
tangent  the  length  of  the  easement,  no  shock  will  be  felt  upon  enter- 
ing the  curve.  The  great  trouble  is  the  proper  adjustment  of  the  ele- 
vation for  the  varying  conditions  of  speed  and  grade  found  on  rail- 
roads. To  attempt,  however,  to  educate  section  men  up  to  the  niceties 
of  the  cubic  parabola  ajjpears  to  the  writer  a  hopeless  and  equally  use- 
less task.  The  practice  of  running  the  elevation  back  on  the  tangent  from 
full  elevation  at  the  jDoint  of  curve  to  zero  at  the  jjoint  of  easement,  or 
as  near  thereto  as  practicable,  is  much  more  simple,  answers  every  pur- 
pose of  the  spiral,  and  is  readily  understood  by  the  average  foreman. 
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As  stated,  the  elevation  of  the  oiiter  rail  is  the  governing  factor,  Mr.  Boggs. 
and  this  same  elevation  presents,  at  times,  anomalies,  refusing  to  be 
bound  by  printed  rules  or  mathematical  equations.  The  writer  had 
two  2°  curves  to  contend  with,  that  had  always  given  considerable 
trouble.  One  was  on  a  66-ft.  grade,  the  other  was  on  a  level  at  the 
foot  of  two  53-ft.  grades.  The  rule  of  the  road  was  1  in.  elevation  for 
each  degree  of  curv^ature,  or  2  ins.  in  these  cases,  while  the  formula, 

1=———.  gave  2-1%  ins. ;  neither  would  do.     Finally,  the  curve  on  the 

66-ft.  grade  was  elevated  to  2^  ins.  and  the  elevation  graded  out 
on  the  tangent  for  100  ft.,  as  near  as  practicable;  the  other  was 
elevated  If  ins.  and  graded  out  on  the  tangent  for  70  ft.  No  further 
trouble  was  experienced  with  either  of  them,  and  the  writer  has 
long  since  arrived  at  the  conclusion  that  a  study  of  the  idiosyncra- 
sies of  each  particular  curve  is  of  far  more  benefit  than  all  the  tables 
printed. 

The  writer's  practice  in  staking  out  transition  curves  has  been  to 
use  a  simple  ofiset,  measured  in  with  the  tape  line,  and  determined 

from  the  equation,  ?/  =  '  .  Henck's  Field  Book*  contains  all  the  in- 
formation any  engineer  requires  in  staking  out  a  transition  curve,  and 
Mr.  Sundstrom's  demonstration  is  but  a  reprint  of  these  four  pages. 
The  writer  thinks  Mr.  Snyder's  cost,  $28.27  jjer  mile,  would  be  exces- 
sive if  applied  to  railways. 

Extreme  mathematical  nicety  in  actual  practice  only  serves  to  mul- 
tiply useless  labor,  and  increases  the  pay-roll  without  adding  to  the 
efficiency  of  the  service.  For  instance,  the  writer  has  seen  the  end- 
areas  of  cross-sections  calculated  to  the  nearest  one-hundredth  of  a 
square  foot  and  the  contents  of  the  prism  figured  to  a  minimum  by 
the  old  prismoidal  formula;  while,  in  the  field  work,  it  was  permissible 
to  hold  the  rod  within  two-tenths,  and  drive  the  stake  within  6  ins.  of 
the  theoretical  jjoint.  The  writer  digresses  here  simply  to  illustrate  a 
"needless  refinement."  He  holds  that  the  nearest  square  foot  and  an 
average  of  the  end-areas  would  have  been  sufficient,  and,  probably, 
would  have  resulted  in  a  saving  of  $1  200  per  annum  on  the  pay-roll. 
The  same  thing  applies,  as  a  rule,  to  all  this  curvature  discussion. 
Engineers  are  busy  figuring,  in  the  office,  to  the  nearest  one-hundredth 
of  an  inch  on  grades  and  alignments,  wasting  time  and  paper,  and 
absorbing  the  stockholders'  dividends  in  needless  discussions;  while  on 
the  track  itself  the  inch  which  has  been  so  laboriously  figured  out 
cannot  be  found,  let  alone  the  one-hundredth  part  of  it.  Curvature 
is  pretty  much  of  a  bugaboo,  anyway.  With  good  track  and  good 
rolling  stock,  the  traveling  around  curves  is  easy;  bad  track  and  poor 
equipment  gives  rough  traveling,  even  on  tangents. 
*  Edition  of  1881,  pp.  125  to  128,  inclusive. 
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Mr.  Alden.  Chaeles  A.  Alden,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).  -  Transition 
curves  for  street-railway  track  are  now  almost  iTniversally  used  in  tlie 
United  States,  The  cubic 
parabola,  or  its  variations, 
would  answer  as  well  for 
street  railways  as  for  steam 
railroads,  as  far  as  theoretical 
considerations  of  alignment 
are  concerned.  But  the  radii 
of  curves  for  the  former  are 
generally  small  and  the  transi- 
tion short,  requiring  the  rails 
to  be  curved  to  a  template, and 
by  machine.  It  is  also  neces- 
sary to  make  provision  for  the 
•  use  of  tongue-switches,  as  it 
is  impracticable  to  make  a 
wholly  satisfactory  switch 
having  a  radius  greater  than 
about  100  ft.,  although  a  cer- 
tain type  of  switch  can  be 
made  of  about  200  ft.  radius, 
having,  however,  certain  me- 
chanical disadvantages. 

Un  the  somewhat  rare 
occasions  when  the  spirals 
are  involved  in  the  frog  work, 
the  calculations  of  intersec- 
tions of  cubic  parabolas  with 
each  other  or  with  a  circular 
curve,  would  be  quite  com- 
plex, as  compared  with  cir- 
cular curves. 

The  calculations,  in  the 
latter  case,  simply  resolve 
themselves  into  the  solution      ^'        I ._ .| 


Fig.  5. 

Given:  A  circular  curve  with  symmetrical  spirals; 
to  find  the  tangent  and  external  distances. 
OG  =  R  +  x  —  ver.  sin.  8°  B; 
GS  -  y  —  sin.  S^  R; 
Tan.  Dist.  ^'OG  tan.  }4  ^.  -\- G  S; 
Ex.  Dist.  =  OG  ex-sec.  }4A-\-x  —  ver.  sin.  S°  R. 


of  oblique  triangles,  readily 
adapted  to  logarithmic  solu- 
tion. 

It  is  necessary  to  have  a 
series  of  transitions  in  order 
to  suit  the  different  radii 
met  with  in  practice,  and,  at 
the  same  time,  it  is  desirable 
to  limit  the  number  to  those 


Fig.  6. 
General  solution  for  unsymmetrical  curves. 
O  G  =  R  +  x  — R-ver.sin.  S°; 
G  8  =  y  —  R  sin.  S°; 
0G'=  R  +  x'  —  R  ver.  sin.  8°'; 
G' S'=  !/' —  i?sin.  S°'; 

VS  =  tan.  i  A  Og  +  gg  +  '^^.~f-- 

OG-  —  OG 

VS'^  tan.  hsOG  +  G'  8'  ±      ^^^^     ■ 
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absolutely  necessary  in  order  to  avoid  the  expense  and  delay  incident  Mr.  Alden. 
to  calculating,  laying  out  and  jireparing  templates  for  a  new  transition 
curve,  for  each  curve  built. 

Figs.  5  and  6,  and  Table  No.  4,  which  explain  themselves,  are  those 
used  by  the  company  with  which  the  writer  is  connected.  During  the 
l^ast  year  about  400  curves  were  built  to  these  standards.  The  ease- 
ments for  200-ft.  radius  switches  are  intended  for,  and  generally  used 
for,  a  Y  or  equilateral  switch. 

The  other  two  jn-incipal  manufacturers  of  street-railway  material 
have  standard  transitions  of  similar  form. 

The  writer  estimates  that  from  70  to  80%  of  street-railway  curves 
are  now  built  according  to  this  general  form  of  transition. 

TABLE  No.  4. 


Angle. 


150 

100 
75 
60 
50 
42A 
37i 


0°  30- 

1°  00' 

1°  30' 

2°  00- 

2°  30- 

3°  00' 

3°  30' 

4°  00' 


7°  50' 
2"  50' 


0°  20' 

0°  40' 

1°  00' 

1°  20' 

1°  40' 

2"  00' 

2°  20' 

2°  40' 

3°  00' 

3°  20' 

3=  40' 


d"  30' 

S''  30* 

3°  GO' 

3°  20' 

3°  40' 


0.011 
0.057 
0.160 
0.342 
0.627 
1.036 
1.587 


Spiral  No.  2. 

2.618 

5.235 

7.851 
10.463 
13.065 
15.651 
18.187 
20.703 


0=  30' 

0.00004 

1°   30' 

0.00034 

3°   00' 

1). 00137 

5°   00' 

0.00381 

7°   30' 

0.00856 

10°   .30' 

0.01675 

14°   00' 

0.02970 

18°   00- 

0.04894 

Switch  Easement,  S.  2-75. 
0.700        I        10.222  7°   50' 

1.036        I        12.305  10^   .30' 

1.587        i        14.841  14°   00' 

2.309  17.357  18°   00 


0.007 
0.038 
0.105 
0.226 
0.414 
0.684 
1.051 
1.529 
2.128 
2.870 
3.763 


Spiral  No.  2^ 
2.583 
5.166 

7.748 

12^910 
15.478 

20 ! 576 
23.070 
25.550 
27.983 


0°  20' 

1"  00' 

2"  00' 

3°  20' 

5°  00' 

7°  00' 

9'  20' 

12°  00' 

15°  00' 

18°  20' 

22°  00' 


Switch  Easement,  S.  2i-100. 


0.658 
1.529 
2.128 
2.870 
3.763 


19.430 
21.910 
24.343 


12°  00' 

15°  00' 

18°  20' 

22°  00' 


?witeh  Easement,  S.  2|-200. 


0.00873 
0.02618 
0.05234 
0.08716 
0.13053 
0.18224 
0.24192 
0.30902 


This  easement  gives  an  O. 
6r.  equal  to,  and  a  G.  S. 
3.346  less  than,  Spiral  No. 


0.00002 
0.00015 
0.00061 
0.00169 
0.00381 
0.00745 
0.01324 
0.02185 
0.03407 
0.05076 


0.00582 
0.01745 
0.03490 
0.05814 
0.08716 
0.12187 
0.16218 
0.20791 
0.25882 
0.314.M 
0.37461 


This  easement  gives  an  O. 
G.  equal  to,  and  a  G.  S. 
3.640  less  than.  Spiral  No. 


200 

4°     0' 

0.487 

13.951 

4°     0' 

129 

1°     0' 

Q.664 
0.934 

16.196 

5°     0- 

74 

2°     0' 

18.764 

7°     0' 

This  easement  gives  an  0. 

63i 

2°   20' 

1.301 

21.324 

9°   20' 

G.  0.250  greater,  and  a  G 

55A 

2°   40' 

1.779 

23.862 

12°   00' 

S.    3.286    greater,    than 
Spiral  No.  2J. 

49 

3°   00' 

2.378 

26.356 

15°   00' 

m 

3°   20* 

3.120 

28.836 

18°   20' 

m 

3°   40' 

4.013 

31.269 

22°   00' 

Note. — All  dimensions  are  for  the  center  line  of  the  track. 
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TABLE  No.  4^{Continued). 


Rad. 

Angle. 

1      . 

y- 

8° 

Ver.  Sine.            Sine. 

Spiral  No.  3. 

300 

1°   00' 

0.046 

5.236        1        P   00' 

0.00015 

0.01745 

150 

2°   00' 

0  229 

10.468 

3°   00 

0.00137 

0.05234 

100 

3°   00' 

0.639 

15.688 

6°   00' 

0.00548 

0.10453 

75 

4°   00" 

1.368 

20.871 

10°   00' 

0.01519 

0.17365 

60 

1°   00' 

2.501 

15°   00' 

0.03407 

0.25882 

50 

6°   00' 

4.118 

30 ! 959 

21°   00' 

0.06642 

0.35837 

40 

7°   00' 

6.143 

35.403 

28°   UO' 

U. 11705 

0.46947 

Switch  Easement,  S.  3-100. 

102J 
81 
60 
50 

6°   30' 
3°   30' 

5°   00' 
6°   00- 

1.'368 
2.501 

4.118 

11.584 
16.480 
21.591 

26.568 

6°   30' 
10°   00' 
15°   00' 
21°   00' 

This  easement  gives  an  0. 
G.    equal  to,  and  a  O.  8. 
4.391  less  than,  Spiral  No. 
3. 

40 

7°   00- 

6.143 

31.012 

28°   00- 

Switch  Easement,  S.  3-200. 

200 

4°   00' 

0.487 

13.951 

4°   00' 

132 

2°   00' 

0.889 

18.541 

6°   00' 

This  easement  gives  an  0. 

75 

4°   00' 

1.618 

23.724 

10°  00' 

G.  0.250  greater,  and  a  G. 

60 

5°   00' 

2.751 

28.835 

15°   00' 

8.    2.853    greater,    than 
Spiral  No.  3. 

50 

6°   00- 

4.368 

33.812 

21°   00' 

40 

7°   00' 

6.393 

38.256 

28°   00' 

Spiral  No.  4. 

420 

0°   42' 

0.031 

5.131 

0°   42' 

0.00007 

0.01222 

210 

1°   24' 

0.157 

10.261 

2°   06' 

0.00067 

0.03664 

140 

2°   06' 

0.439 

15.384 

4°    12' 

0.00269 

0.07324 

105 

2°   48' 

0.939 

20.490 

7°   00' 

0.00745 

0.12187 

84 

3°   30' 

1.720 

25.561 

10°   30' 

0.01675 

0.18224 

70 

4°   12' 

2.839 

30.567 

14°   42' 

0.C3273 

0.25376 

60 

4°   54' 

4.352 

35.469 

19°   36' 

0.05794 

0.33545 

Swi 

tch  Easement,  8.  4-200. 

200 

4°   00' 

0.487 

13.951 

4°   00- 

125i 

3°   00' 

1.117 

20.490 

7°   00' 

This  easement  gives  an  0. 

84 

3°   30' 

1.898 

25.561 

10°   30' 

G.  0.178 greater,  and  a  G. 

70 

4°    12' 

3.017 

30.567 

14°    42' 

8.  equal  to.  Spiral  No.  4. 

60 

4°   54' 

4.530 

35.469 

19°   36' 

Spiral  No.  5. 

600 

0°  30' 

0.023 

5.236 

0°   30' 

0.00004 

0.00873 

300 

P   00' 

0.114 

10.471 

1°   30' 

0.00034 

0.02618 

200 

r   30' 

0.320 

15.703 

3°   00' 

0.00137 

0.05234 

150 

2°  00' 

0.685 

!i0.926 

5°   00' 

0.00381 

0.08716 

120 

2°  30' 

1.255 

26.130 

7°   30' 

0.00856 

0.13053 

100 

3°   00' 

2.073 

31.302 

10°   30* 

0.01675 

0.18224 

85 

3=   30' 

3.175 

36.374 

14°   00' 

0.02970 

0.24192 

Sw 

itch  Easement,  S.  5-200.1 

200 
144 
120 
100 

4°   00' 
1°   00' 
2°   30' 
3°   00' 

0.487 
0.685 
1.255 
2.073 

13.951 
16.458 
21.662 
26.834 

4°   00' 
5°    00' 
7°   30' 
10°   30' 

This  easement  gives  an 
0.  G.  equal  to,   and  a 
G.    8.    4.468    less  than, 
Spiral  No.  5. 

85 

3°   30' 

3.175 

31.906 

14°   00' 

Spiral  No.  6. 

900 

0°   20' 

0.015 

5.236 

0°   20' 

0.00002 

0.00582 

450 

0°   40' 

0.076 

10.472 

1°   00' 

0.00015 

0.01745 

300 

1°  00' 

0.213 

15.706 

2°   00' 

0.00061 

0.03490 

225 

1°   20' 

0.457 

20.936 

3°   20' 

0.00169 

0.05814 

180 

1°   40' 

0.837 

26.158 

5°   00' 

0.00381 

0.08716 

150 

2°   00' 

1.385 

31.365 

7°   00' 

0.00745 

0.12187 

128 

2°   20' 

2.125 

36.524 

9°   20' 

0.01324 

0.16218 

Note.— All  dimensions  are  for  the  center  line  of  the  track. 
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4U1 


Rad. 

Angle. 

X. 

y- 

S" 

Ver.  Sine. 

Sine. 

Switch  Easement,  S.  6-200. 

200 

4°  00' 

0.487 

13.951 

4°   00' 

This  easement  erives  an  0. 

255 

1°   00' 

0.837 

18.388 

5°   00' 

G.  equal  to 

,  and  a  G.  S. 

150 

2°   00' 

1.385 

23.595 

7°   00' 

7.770    less 

than.    Spiral 

128 

2°   20' 

2.125 

28.754 
Spiral  No 

9'=   20' 

7. 

No.  6. 

1  260 

0°   15' 

0.012 

5.498 

0°   15' 

0.00001 

0.00436 

630 

0°   30' 

0.060 

10.995 

0°   45' 

0.00009 

0.01309 

420 

0°   45' 

0.168 

16.492 

1°   30' 

0.00C34 

0.02618 

315 

1°   00' 

0.360 

21.987 

2°   30' 

0.00095 

0.04362 

252 

1°   15' 

0.660 

27.475 

3°   45' 

0.00214 

0.06540 

210 

1°   30' 

1.091 

32.957 

5°    15' 

0.0W30 

0.091.50 

180 
157 

1°   45' 

1.678 

38.424 
Spiral  No 

7°   UO' 
.8. 

0.00745 

0.12187 

1  890 

0°   10* 

0.008 

5.498 

0°   10' 

0.00000 

0.00291 

945 

0°   20' 

O.iMO 

10.996 

0°   30' 

0.00004 

0.00873 

630 

0°   30' 

0.112 

16.493 

1°   00' 

0.00015 

0.01745 

472* 

0°   40' 

0.241 

21.990 

1°   40' 

0.00042 

0.02908 

378' 

0°   50' 

0.441 

27.483 

2°   30' 

0.00095 

315 

1°   00' 

0.729 

32.973 

3°   30' 

0.00187 

0.06105 

270 

1°   10' 

1.120 

38.457 

4°   40' 

0.00332 

0.08186 

236 

Spiral  No 

.9. 

2  730 

0°     7' 

0.006 

5.5.59 

QO         7- 

0.00000 

0.00204 

1  365 

0°    14' 

0.028 

11.118 

0°   21' 

0.00002 

0.00611 

910 

0°   21' 

0.079 

16.677 

0°   43' 

0.00007 

0.01222 

682i 

0°   28' 

0.170 

22  234 

1°    10' 

0.00021 

0.02036 

546 

0°   35' 

0.311 

27.791 

1°   45' 

0.00047 

0.03054 

455 

0°   42' 

0.515 

33.346 

2°   27' 

0.00091 

0.04275 

390 
341 

0°   49' 

0.79^ 

38.899 
Spiral  No 

3°    16' 
10. 

0.00162 

0.05698 

3  780 

0°     5' 

0.004 

5.498 

0°     5' 

0.00000 

0.00145 

1  890 

0°   10' 

0.020 

10.996 

0°    15' 

0.00001 

0.00)36 

1  260 

0°   15' 

0.056 

16.493 

0"   80' 

0.00004 

0.00873 

945 

0°   20' 

0.120 

21.991 

0°   50' 

0.00011 

0.01454 

756 

0°   25' 

0.220 

27.488 

1°    15' 

0.00024 

0.02181 

630 

0°   30' 

0.364 

32.983 

1°   45' 

0.00047 

0.08054 

540 
472 

0°   35' 

0.560 

38.478 
Spiral  No 

2°   20' 
11. 

0.00083 

0.04071 

5  250 

0°     4' 

0.0035 

6.109 

0°     4" 

0.00000 

0.00116 

2  625 

0°     8' 

0.0178 

12.217 

0°    12' 

0.00001 

0.00349 

1  750 

0°   12' 

0.0498 

18.326 

0"   24' 

0.00002 

0.00698 

1  312^ 

0°   16' 

0.1066 

24.434 

0°   40' 

0.00007 

0.01164 

1  050 

0°   20' 

0.1955 

30.542 

1°     0' 

0.00015 

0.01745 

875 

0°   24- 

0.3234 

86.649 

1°   24- 

0.000.30 

0  02443 

750 
65S 

0°  28' 

0.4975 

42.756 
Spiral  No 

1°   52' 
12. 

0.00053 

0.03257 

7  140 

0°     .3' 

0.0027 

6.231 

0°     3' 

0.00000 

0.00087 

8  570 

0"     6' 

0.0136 

12.462 

0°     9- 

0.00000 

0.00262 

2  380 

0°     9' 

0.0381 

18.692 

0°    18' 

0.00001 

0.00524 

1  785 

0°   12' 

0.0816 

24.923 

0°   30' 

0.00004 

0  00873 

1  428 

0°   15' 

0.1495 

31.1.53 

0°   45' 

0.00009 

0.01309 

1  190 

0°   18' 

0.2474 

37.384 

1°     3' 

0.00017 

0.01832 

0°   21' 

0.3806 

43.613 

1"   24' 

0.00030 

0  02443 

892 

Note.— All  dimensions  are  for  the  center  line  of  the  track. 
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Mr.  Howe.  HoKACE  J.  HowE,  M.  Am.  Soc.  C.  E.  (by  letter). — It  is  somewhat 
ai^palling  to  the  busy  engineer  to  take  up  each  new  article  on  the 
transition  curve,  unless  he  has  time  to  go  into  the  mathematics  and 
see  that  the  principles  are  few  compared  to  the  aiJi^lications.  The 
author  has  given  an  illustration  of  this  by  taking  the  well-known  cubic 
parabola,  and  deriving  formulas  which  he  has  found  useful  in  his 
l^ractice. 

The  writer's  experience  has  been  mostly  on  steam  railroads,  and, 
looking  back  at  the  conditions  under  which  he  labored,  and  under 
which  he  believes  the  majority  now  labors,  it  seems  proper  to  restate 
the  well-known  but  scattered  conclusions  which  govern  the  jjractical 
staking  out  of  a  transition  curve;  to  the  end  that  all  theorizers  may 
profit  thereby. 

The  cost  of  staking  out  should  be  reduced  to  a  minimum,  and, 
consequently,  the  simplest  possible  curve  should  be  used. 

The  writer's  first  attempt  was  a  series  of  chords  or  arcs  beginning 
with  a  1'^  curve  and  working  up  to  the  degree  desired.  Many  bright 
engineers  to-day  postpone  the  evil  day,  by  reserving  this  right  to 
themselves.     The  time  consumed,  however,  is  prohibitory. 

About  this  time,  Searles  published  his  tables,  and  used  successive 
chords,  with  radii  constantly  diminishing  for  each  chord.  The  objec- 
tion is  the  disjointed  character  of  the  curve,  and  the  labor  of  calcula- 
tion.    The  treatment  is  too  general  for  the  special  work  referred  to. 

Next  came  the  hyperbolic  or  Holbook  spiral,  which  did  specialize, 
with  tables  for  only  two  or  three  cases.     It  had  several  advantages 
besides.     The  deflections  vary  about  as  the  square  of  the  distance.     The 
backsight  from  the  point  of  circular  curve  is  double  the  foresight. 
Xg  is  one-fourth  of  x  (nearly). 
y„  is  one-half  of  ^  (nearly). 

Bearing  these  properties  in  mind,  it  is  quite  possible  to  do  Avithout 
tables  in  the  field.     Can  the  cubic  parabola  do  better  than  this? 

So  far  as  riding  qualities  are  concerned,  one  easement  curve  is  as 
good  as  another.  References  are  made  to  the  "  true  "  transition  curve 
and  to  the  "  theoretical  "  transition  curve;  but  the  running  of  a  pair  of 
wheels  around  a  superelevated  track  is  too  complicated  an  operation 
to  allow  of  any  such  claim.  A  good  job  could  be  done  by  one  of  half 
a  dozen  methods,  and  the  experts  would  never  know  the  difference. 

Transition  curves,  then,  should  be  of  the  simplest.  They  should 
be  designed  on  the  principle  that  maintenance  engineers  have  no 
expense  accounts;  and,  on  that  other  i)rincii)le,  that  the  mental  per- 
formance of  any  man  when  subject  to  conditions  of  weather  is  inferior 
to  that  of  the  same  man  indoors;  finally,  that  trackmen  do  not  throw 
track  very  often  (not  so  often,  generally,  as  the  engineer  stakes  it  out), 
and  that  the  engineer  must  refresh  his  memory,  perhaps  at  yearly 
intervals,  on  the  subject  of  transition  curves. 
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W.  B.  Lee,  M.  Am.  Soc.   C.   E.   (by  letter). — To  the  engineer  who  Mr.  Lee. 
has   occasion   to  solve  track   j^roblems   in  transitions,   the  following 
equations  for  the  inside  and  outside  rails  of  a  curved  track,  the  center 
line  of  which  is  a  cubic  parabola,  mav  prove  both    useful  and  inter- 
esting: 

Let  y  =  ^-^  be  the  equation   of  the  center  line,  g  the  gauge  of 

track,  i/i  and  _?/„  the  ordinates  of  points  on  the  inside  and  outside  rails 

from  the  initial  tangents  through  their  own  points  of  transition  curve 

[F.  T.  C. ),  resj)ectively ;  x  remaining  the  same. 

J'' 
Then 


and 


^'  ~"  6  (7"'~16  (7-" 
x^  g  x^ 


Fig.  T. 
Keferring  to  Fig.  7,  they  may  be  demonstrated  as  follows: 

V,.  =  v/  +  J  —  I (1) 

By  the  same  course  of  reasoning  as  followed  on  page  380: 

b-l  =  ^^='^ (2) 

In  the  triangle  shown  in  Fig.  7, 

o  =  |-tan  J (.3) 

from  the  equation  of  the  cubic  i3arabola, 

tan.^=^ (*) 

substituting  (4)  in  (3), 

q  X' 

«  =  fc' (5) 

^"^  «'  =  ^ (6) 
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Mr.  Lee.  STibstittiting  (6)  in  (2)  we  have 


substituting  (7)  in  (1), 


-  y  t 

16  G"' 

From 

Fig. 

7,  and  similar 

reasoning, 

y,j  = 

-y^\- 

-b  = 

y-{b- 

^_9_^9J^ (7) 

2       16C^  ^^ 


3  C"^16  C2 ^^ 


2  /        6  C       16   C^* 
The  deflection  angles,  i?-  and  S^,  are  obtained  by  dividing  through 
by  X,  which  gives 

tan.  5,=.^+^,; 

tan.i?,  =  ^_L. 
The  total  angle,  A,  is  found  by  differentiating; 
whence,  tan.  A-^ 


2  C   '^  4:0 
tan.  A„  — 


x^         g  x^ 


2  C       4  C 

It  will  be  observed  that  these  formulas  are  apijroximations,  but,  as 
the  locations  obtained  from  them  will  not  vary  from  theoretical 
values  more  than  3-2  in.  in  extreme  cases,  their  practical  utility  is 
unimpaired;  moreover,  the  gauge  of  the  track  is  still  exact. 

In  conclusion,  the  writer  would  make  the  following  suggestions  as 
to  the  selection  and  use  of  transition  curves.  Where  there  are  no 
turnouts  or  crossings,  and  it  is  desired  to  stake  out  the  curve  with  a 

transit,  he  would  recommend  the  selection  of  the  formula  ?/  =    „  ^  ; 

for,  by  this,  the  distances  around  the  curve  may  be  multiples  of  some 

convenient  number  as  5,  10  or  25  ft. ;  and,  as  the  transitman  is  usually 

more  intelligent  and  experienced  than  the  chainman,  the  former  may 

be  more  readily  trusted  to  deflect  fractional  angles  than  the  latter  to 

measure  fractional  distances. 

x"^ 
For  turnouts  and  crossings  y  =  -— ^  is  more  convenient,   and  in 

b  0 

switches  the  equation  of  the  center  line  will  do  for  both  inside  and 
outside  rails.  Indeed,  in  a  simple  turnout,  it  will  also  serve  to  give 
the  frog  lead  within  3  to  6  ins.  of  the  correct  position,  which  is  close 
enough  for  practical  purjDoses.  However,  where  a  comiilicated  track 
system  exists,  or  it  is  desired  to  compute  a  set  of  crossing  frogs,  the 
equations  for  the  inside  and  outside  rails  already  given  may  be  used 
to  supplement  the  equation  for  the  center  line. 

The  writer  cannot  resist  the  temptation  to  digress  from  the  sub- 
ject, here,  to  corroborate  the  views  expressed  by  Mr.  Snyder,  as  to 
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the  practical  utility  of  the  slide  rule  in  engineering  computations.  Mr.  Lee. 
The  writer  has  used  one  constantly  for  the  past  six  years  and  has 
found  new  uses  for  it  daily,  and  new  beauties  in  its  use.  At  fii-st  it 
did  not  seem  to  be  adapted  to  the  class  of  work  in  which  he  was 
engaged,  but  a  study  of  both  its  limits  and  possibilities  has  enabled 
him  to  use  it  in  the  majority  of  his  computations.  It  relieves 
entirely  the  mental  drudgery  of  many  complicated  problems,  as  the 
exj)ert  performs  the  several  operations  almost  mechanically.  The 
writer  has  passed  through  the  "Mannheim"  and  "Duplex"  to  the 
"Universal,"  and  he  would  not  set  a  price  upon  his  instrument  if  it 
could  not  be  duplicated. 

This  last  oi^ijortunity  is  taken  to  enter  a  solemn  protest  against  the 
use  of  multiple  compound  curves  as  transitions.  During  the  summer 
of  1900  the  writer  was  required  to  design  the  track  work  for  the  Boston 
Elevated  Railroad,  on  which  no  less  than  thirteen  difterent  tables  of 
multiple  compound  curves  were  in  use.  The  memory  of  those  com- 
putations is  a  hideous  nightmare.  One  crossing  alone  required  1  170 
sq.  ins.  of  figures  before  the  gauge  lines  could  be  laid  down  on  paper. 

Eeferring  to  Mr.  Wentworth's  discussion,  too  mixch  mathematics 
may  be  an  excuse  for  a  busy  "man  "  but  not  for  a  hnsj  engineer.  It 
is  true  that  theoretical  mathematicians  have  loaded  many  simple  prob- 
lems with  a  mass  of  unnecessary  refinements;  but  if  the  engineer  is 
well  grounded  in  his  mathematics  he  will  be  able  to  unearth  the 
precious  scientific  truth.  Popularly  considered  an  exact  science, 
mathematics  has  little  more  claim  to  such  distinction  than  several 
other  physical  sciences,  and,  as  all  the  works  of  man  are  incomplete,  so 
mathematics  shares  the  faults  and  imperfections  of  human  nature. 
The  writer  also  agrees  with  Mr.  Boggs,  that  "extreme  mathematical 
nicety  in  actual  iiractice  only  serves  to  multiply  useless  labor,"  but 
what  is  permissible  variation  in  field  work  would  be  gross  error  in  the 
shoi^.  Each  engineer  must  stiidy  the  conditions  of  his  own  work,  and 
make  his  computations  accordingly.  It  aj>pears  that  the  engineers 
engaged  in  this  discussion  have  done  so,  as  each  one's  idea  of  accuracy 
seems  to  conform  to  his  specialty. 

The  writer  will  leave  to  those  who  have  the  opportunity  to  observe 
actual  conditions,  the  question  of  the  necessity  of  transition  curves, 
but,  if  railroad  engineers  insist  upon  their  use,  let  them  furnish  the 
shop  men  with  the  simj^lest  and  most  j^ractical  alignment. 

The  complication  of  trackwork,  needlessly,  is  a  too-frequent  prac- 
tice, among  railroad  engineers,  when  a  little  study  might  simplify 
it.  For  instance,  on  a  scale  of  40  ft.  to  the  inch  it  is  easy  to  take  a 
curved  ruler  and  draw  a  crossing,  introducing  a  set  of  slip  switches, 
but  it  is  quite  another  matter  to  compute,  detail,  and  manufacture  this 
work.  The  cost  of  drawings  and  labor  in  the  shop  is  doubled,  and  the 
maintenance  of  the  track  is  inci'eased   considerably  by  reason  of  the 
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Mr.  Lee.  curves.     A  slight  cliange  of  alignment  on  either  side  of  such  a  crossing- 
might  allow  it  to  be  straight,  and  thus  obviate  these  difficulties. 

The  writer  is  glad  to  know,  from  Mr.  Alden's  discussion,  that  the 
use  of  transition  curves  in  frog  work  is  rare,  but  cannot  agree  with 
him,  that  "the  calculation  of  intersections  of  cubic  parabolas  with 
each  other  or  with  a  circular  curve,  would  be  quite  complex  as  com- 
pared with  circular  curves."  The  writer  knows  whereof  he  sjieaks 
when  he  makes  the  statement  that  the  computation  of  frog  work  in 
transitions  made  up  of  circular  curves  is  very  complex,  and  believes 
that  in  the  paper  he  has  partially  demonstated  the  fact  that  cubic  para- 
bolas are  much  simpler.     Should  a  cubic  parabola  intersect  a  circle, 

the  equation  of  the  latter  might  be  taken  as  y  =  ^-^ ,  except  for  large 

values  of  x,    when  it  might  be  necessary  to  use   the   exact   equation 

y  =  R  —  V   R'  —  sc^,  or  2  Ry  —  y"^  =  a?'. 

Mr.  Sundstrom's  formula  for  rectifying  the  cubic  parabola  is  the 
same  as  the  writer's,  but  has  been  deduced  in  a  more  orthodox 
manner. 

A  table  of  offsets  from  a  tangent  to  a  cubic  parabola  may  be 
obtained  with  a  minimum  amount  of  labor  by  observing  the  law  of 
tbe  series.  Such  a  list  forms  a  cubic  series,  of  which  the  following 
fundamental  series,  the  first  term  of  which  is  1,  is  an  example: 

Series 1        8        27        64        125 

First  order  of  differences . .  ; 7         19         37         61 

Second  order  of  differences 12         18         24 

Third  order  of  differences 6  6 

Fourth  order  of  differences    0 

It  is  only  necessary  to  compute  the  first  term  of  the  series.  Then 
the  first  term  of  the  first  order  of  differences  is  seven  times  the  first 
term  of  the  scries;  the  first  term  of  the  second  order  of  differences  is 
twelve  times  the  first  term  of  the  series;  and  all  the  third  differences 
are  six  times  the  first  term  of  the  series.  This  completes  the  first 
inclined  column,  from  which,  by  addition,  as  many  offsets  may  be 
obtained  as  are  required.  The  writer*  uses  similar  methods  for  marking- 
templets  of  circular  curves,  calling  the  equation  of  a  circle  y  —    -^ 

*  Engineering  News,  April  29th,  1897. 
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E.  Kuichling,  M.  Am.  Soc.  C.  E. — This  topic  is  api>arently  old  Mr.  Kuichling. 
and  hackneyed,  but,  in  consequence  of  the  rapid  increase  of  our  urban 
population,  the  exhaustion  or  growing  pollution  of  conveniently  situ- 
ated sources  of  water  supply,  and  the  greatly  augmented  costs  of 
securing  additional  supplies  of  irrej^roachable  quality,  the  questions 
of  consumption  and  waste  of  water  often  become  paramount  economic 
issues  in  our  large  cities,  and  their  intelligent  discussion  in  scientific 
societies  from  time  to  time  is  sure  to  be  of  interest  not  only  to  the 
members,  but  also  to  the  public.     New  points  of  view  are  likewise  de- 
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Mr.  Kuichling.  veloping,  with  greater  experience  and  study,  whereby  convictions  or 
opinions  which  were  formerly  regarded  as  well  founded  may  now  be 
modified  or  changed;  and,  as  many  of  our  members  have  doubtless 
accumulated  valuable  data  relating  to  the  topic  since  it  was  last 
formally  debated  by  them,  it  is  earnestly  hoped  that  they  will  kindly 
present  the  same  on  this  occasion. 

As  the  sharp  definition  of  the  terms  used  greatly  facilitates  the  con- 
sideration of  any  subject,  it  becomes  desirable  for  each  speaker  to  state 
as  clearly  as  possible  what  he  understands  or  includes  in  the  expres- 
sions "consumption"  and  "waste."  This  is  very  necessary,  inas- 
much as  certain  items  of  consumi^tion  may  fairly  be  regarded  as 
legitimate  use  in  one  case,  and  unjustifiable  waste  in  another.  Ample 
evidence  of  this  fact  is  aflforded  by  the  perusal  of  many  old  ^mcl  new 
papers  on  the  subject  of  waste  prevention.  Usually,  waste  is  asso- 
ciated almost  exclusively  with  the  supply  to  families,  and  little  is  said 
about  the  quantity  taken  by  manufacturers  in  various  branches  of 
industry.  This  may  be  due  to  following  inferences  drawn  from  Euro- 
pean cities,  where  much  of  the  water  used  in  manufacturing  is  obtained 
from  private  sources,  or  it  may  arise  from  the  circumstance  that  the 
service  pipes  for  domestic  uses  greatly  outnumber  those  for  industrial 
purposes,  and,  by  the  multiplicity  of  household  fixtures  and  faucets, 
afford  a  greater  opportunity  for  waste.  On  the  other  hand,  it  is  often 
the  case  that  a  single  manufacturing  establishment  will  consume  daily 
more  water  than  is  required  for  the  domestic  uses  of  hundreds  or  even 
thousands  of  people,  and  little  attention  is  given  to  the  question 
whether  a  large  percentage  of  such  water  is  not  wasted. 

Inquiries  of  the  latter  kind  are  rarely  encountered,  as  it  is  pre- 
sumed that  all  manufacturers  are  served  by  meter  and  will  voluntarily 
seek  to  reduce  their  water  consumption  to  the  lowest  practicable 
limit.  The  observations  of  the  speaker,  however,  lead  him  to  the  con- 
clusion that  this  view  is  erroneous,  and  that  in  many  industries  a  great 
reduction  in  the  quantity  taken  from  the  public  water  supply  can 
readily  be  effected  at  comparatively  small  cost  to  the  consumer. 
Especially  was  this  true  in  places  where  the  water  rates  were  relatively 
high,  and  a  private  supply  of  suitable  quality  for  manufacturing  pur- 
poses could  be  obtained  from  wells  or  conveniently  located  streams, 
with  considerably  less  annual  expense  than  was  incurred  for  the  use 
of  the  public  supjily.  The  chief  objection  of  manufacturers  to  such 
private  water  plants  is  their  initial  cost  and  the  trouble  of  intelligent 
supervision;  but  if  the  consumer  can  be  assured  of  some  assistance  in 
the  latter  direction  from  the  officer  in  charge  of  the  public  water-works, 
much  of  the  difficulty  will  be  surmounted,  and  an  existing  costly 
potable  supijly  can  be  conserved  for  a  considerably  longer  jjeriod  of 
time  than  would  otherwise  be  possible. 

The  terms  "consumption"  and  "waste"  accordingly  need  sharp 
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definition.  By  the  former,  the  tota]  quantity  of  water  taken  from  the  Mr.  Kuichling. 
source  is  commonly  understood,  and  hence  it  becomes  subject  to  vari- 
ous losses  of  transit  and  storage,  as  well  as  to  inaccuracies  of  original 
estimation  or  measurement.  Where  pumping  engines  are  used  as 
meters,  large  differences  are  often  found  between  the  actual  delivery 
and  that  which  is  computed  from  the  number  of  strokes  made  by  the 
pistons  or  plungers.  Similarly,  in  the  case  of  gravity  supplies,  the 
discharge  of  aqueducts  or  pipe  conduits  is  frequently  much  less  some 
years  after  the  completion  of  the  works  than  it  was  at  the  outset;  and 
in  both  cases  notable  variations  of  discharge  may  occur  at  difierent 
seasons  of  the  same  year,  independently  of  possible  leakage  in  transit. 
The  loss  from  storage  and  distributing  reservoirs  is  likewise  of  impor- 
tance, as  well  as  the  leakage  of  the  system  of  distributing  jjipes,  stop- 
valves  and  fire-hydrants.  The  sum  of  these  items  is  often  a  large  i^ro- 
portion  of  the  assumed  or  estimated  total  quantity  taken  from  the 
source  before  the  water  reaches  the  consumers,  and  should  projjerly 
be  deducted  before  computing  the  consumption.  In  the  cases  where 
such  deduction  is  made  care  should  be  taken  to  note  the  fact. 

The  term  "waste,"  on  the  other  hand,  is  frequently  applied  to  all 
water  consumed  beyond  a  certain  per  capita  quantity,  which  is  gener- 
ally determined  by  a  more  or  less  arbitrary  comijarison  of  the 
consumption  in  a  number  of  communities,  regardless  of  whether 
similar  conditions  prevail  therein,  and  also  of  the  quantity  last  in 
transit  from  the  source  to  the  consumer.  Strictly  speaking,  however, 
waste  should  be  considered  only  as  the  excess  above  legitimate  or 
reasonable  use,  and  this  definition  at  once  opens  up  a  wide  range  for 
debate,  since  that  which  is  looked  upon  as  reasonable  use  in  one  place 
may  be  treated  as  waste  in  another.  The  public  policy  of  the  commu- 
nity, with  respect  to  manufacturers,  as  well  as  the  economical  mainte- 
nance of  the  water  j^ipes  and  fittings  in  buildings,  are  therefore  factors 
which  can  fairly  be  taken  into  account,  along  with  the  cost  of  obtain- 
ing the  required  supply.  In  other  words,  a  system  of  public  water- 
works may  sometimes  be  regarded  as  a  means  of  promoting  the  rapid 
growth  of  a  community,  and  adding  largely  to  its  wealth  by  making  it 
a  desirable  manufacturing  center,  instead  of  being  treated  only  as  a 
sanitary  necessity  and  a  means  for  extinguishing  tires.  The  definition 
of  "waste  "thus  depends  greatly  on  the  point  of  view,  and  this  in 
turn  is  largely  influenced  by  the  cost  of  obtaining  or  increasing  the 
supply. 

If  a  city  is  so  situated  that  the  expense  of  securing  an  abund- 
ance of  potable  water  is  relatively  great,  the  legitimate  uses  of  the 
supply  and  the  restriction  of  waste  should  obviously  receive  the  most 
careful  consideration.  In  such  cases,  it  becomes  important  to  know 
what  limits  can  fairly  be  placed  on  the  domestic  consumption  in  order 
to  leave  as  much  as  possible  for  industrial  uses;  and,  similarly,  a 
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Mr.  Kuichling.  knowledge  of  the  necessities  of  the  various  industries  is  required  in 
order  to  prevent  the  abuse  of  an  existing  or  projected  system  of  works. 
The  same  is  also  true  where  the  available  sources  of  supply  are  of 
limited  magnitude,  as  is  the  case  with  the  great  majority  of  cities. 
Relatively  few  of  the  large  cities  of  Christendom  are  so  located  as  to 
command  access  to  practically  boundless  quantities  of  fresh  water  of 
proper  degree  of  purity,  or  are  so  wealthy  as  to  be  able  to  incur  the 
cost  of  conveying  such  water  from  very  great  distances.  Lavishness 
of  consumption  is  therefore  an  evil  in  most  cases,  and  the  arguments 
or  means  for  abating  it,  as  far  as  practicable  and  reasonable,  deserve 
the  widest  publicity.  As  was  tersely  stated  in  an  able  paper*  on  this 
subject  by  the  late  Charles  B.  Brush,  M.  Am.  Soc.  C.  E.,  i3 resented 
thirteen  years  ago: 

"The  amount  of  water  that  can  be  used  is  limited;  the  amount 
that  can  be  wasted  has  no  limit.  *  *  *  ^he  *  i=  *  attempt  of 
cities  and  towns  to  inci'ease  their  water  supply  plant  to  keep  pace 
with  their  waste  is  a  hopeless  task.  It  amounts  to  the  same  thing  as 
trying  to  fill  a  pail  which  has  only  a  sieve  for  a  bottom." 

The  iisual  prescription  for  the  water-works  authorities  of  a  city  or 
town  wherein  an  excessive  consumption  occiirs  is  to  apply  meters  on 
every  service  pipe.  This  treatment  implies  that  the  water  which  is 
sold  by  measure  is  not  wasted  or  used  unnecessarily,  and  that  the 
economical  instinct  of  each  consumer  is  aroused  and  maintained  in 
activity  by  the  knowledge  that  the  meter  keeps  a  true  record  of  all  the 
water  drawn  on  his  premises.  It  sometimes  happens,  however,  that 
the  same  instinct  leads  to  positive  waste  when  the  cost  of  preventing 
such  unnecessary  draft  is  greater  than  the  value  of  the  water;  and  it 
follows  that  in  order  to  protect  the  works  from  abuse,  the  consumer 
should  be  compelled  to  place  his  water  appliances  in  such  condition 
as  to  prevent  waste,  notwithstanding  his  entire  willingness  to  jDay  for 
the  water  diawn  by  him.  The  application  of  a  meter,  therefore,  is 
not  sufficient  in  such  cases,  as  it  must  be  supj)lemented  by  the  estab- 
lishment of  a  measure  of  reasonable  use. 

An  instructive  instance  of  this  kind  is  afforded  by  the  occurrence 
of  severe  cold  in  many  of  our  Northern  cities.  On  such  occasions  it  is 
the  practice  to  allow  some  water  to  run  to  waste  during  the  night,  in 
unheated  rooms  or  premises,  in  order  to  prevent  the  service  jjipes  from 
freezing,  and  during  this  period  the  aggregate  normal  consumi^tion  is 
greatly  increased.  A  few  thousand  gallons  tluis  wasted  by  each 
consumer  in  a  week  or  two  amounts  to  an  insignificant  sum  at  the 
usual  rates,  whereas  the  heating  appliances  for  rendering  such  draft 
unnecessary  may  cost  him  a  large  amount  or  may  even  be  impracti- 
cable. This  condition  often  exists  in  the  great  majority  of  the  build- 
ings of  our  smaller  cities,  and  when  the  interest  on  the  cost  of 
providing  the  water  for  such  waste  is  less  than  that  of  preventing  it, 
*  Transactions,  Am.  Soc.  C.  E.,  vol.  xix,  p.  89. 


DISCUSSION  ON  CONSUMPTION  AND  WASTE  OF  WATER.        411 

the    extra    draft    becomes    economically   expedient    and    justifiable.  Mr.  KuichlinK. 
Proper  limits  are,  however,  here  again  necessary. 

The  various  sources  of  loss  and  waste  may  be  classified  as  follows: 

1. — Loss  or  error  in  computing  or  measuring  the  original  quantity; 

2. — Losses  in  conveyance  and  storage; 

3. — -Losses  in  distributing  the  supply  within  the  corjioration 
limits; 

4.  —  Losses  through  defective  pipes,  fittings  aud  appliaaces  in 
buildings; 

5. — Unnecessary  consumj^tion  in  buildings  and  for  public 
purposes. 

Each  of  these  classes  admits  of  more  or  less  subdivision,  and  for 
each  component  a  reasonable  numerical  limit  can  be  assigned.  It  may 
also  be  added  that  interest  in  the  topic  will  be  greatly  stimulated  by 
accounts  of  the  methods  used  in  arriving  at  the  figures  adopted  as 
standards;  and  it  is  hoped  that  much  in  this  direction  will  be  accom- 
plished in  the  discussion  which  is  now  opened. 

Gardnek  S.  Williams,  M.  Am.  Soc.  C.  E. — Some  diagrams  are  Mr.  Williams 
presented  herewith,  which,  it  is  hoped,  may  be  found  to  be  of  interest 
in  connection  with  this  subject.  They  represent  the  results  of  some 
investigations  which  were  carried  on  in  Detroit,  Mich.,  during  the 
speaker's  connection  with  those  works,  and  show  qiiite  clearly  some 
of  the  conditions  that  must  be  taken  into  account  in  settling  upon  the 
probable  daily  consumption  of  water  to  be  provided  for. 

On  Fig.  1  is  shown  the  hourly  consumption,  as  determined  by 
plunger  disjalaeements,  with  an  allowance  of  2%  for  sHp,  on  four 
days  during  1895,  which  have  been  selected  as  being  representative  of 
the  difierent  conditions  of  service  for  that  year.  The  speaker  would 
not  wish  to  be  understood  as  endorsing  the  allowance  of  '2%  for  slip 
as  a  proper  one,  but  as  that  was  the  allowance  originally  made  for 
these  engines,  and  as  it  has  been  adhered  to  in  published  reports,  it  is 
therefore  accepted  here.  It  will  be  noticed  that  the  day  begins  at  2 
A.  M. ,  that  being  about  the  time  of  minimum  consumption. 

February  9th,  1895,  represents  a  typical  day  of  extreme  cold-weather 
consumption,  and  the  excess  of  the  maximum  hourly  consumption 
over  the  minimum  is  only  about  185',(,  or  the  variation  of  consumi^tion 
is  about  11%"  above  the  mean  and  6%  below  it.  The  total  daily  con- 
sumption is  about  50%'  in  excess  of  the  average  for  the  year. 

June  18th,  1895,  represents  a  typical  day  of  extreme  hot-weather 
consumption,  which  is  the  time  of  maximum  hourly  consumption  and 
of  its  maximum  variation,  the  maximum  hourly  consumption  being 
167%  greater  than  the  minimum,  and  36%  above  the  mean,  while  the 
minimum  is  49%  below  it.  The  daily  consumption  is  about  25%  in 
excess  of  the  average  for  the  year. 

August  1st,  1895,  represents  a  day  corresponding  quite  closely  to 
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Mr.  WilUams.  tlie  mean  day  for  the  year.  The  mean  daily  consumption  for  1895 
was  40  269  731  galls.,  and  that  of  the  day  shown  was  40  577  100  galls. 
The  maximum  hourly  consumption  is  seen  to  be  about  twice  the 
minimum,  and  the  variation  from  the  mean  is  49%  above  and  37%* 
below.  The  consumption  throiighout  the  business  hours  of  the  day 
is  seen  to  be  quite  uniform,  a  marked  contrast  to  that  of  June  18th,  in 
which  there  is  a  decided  maximum  in  the  afternoon,  the  consumption 
between  7  and  8  in  the  evening  being  greater  than  that  of  any  hour 
in  the  forenoon. 

November  10th,  1895,  represents  the  day  of  minimum  consumption, 
which  was  Sunday.  The  regular  drop  of  the  afternoon  consumj)tion  is 
a  characteristic  of  Sundays  and  holidays.  Here  the  minimum  is  about 
74%  of  the  maximum,  the  variation  from  the  mean  being  20^^  above 
and  30%  below.  The  total  consumption  on  this  day  is  about  66%  of 
the  mean  for  the  year. 

Fig.  2  shows  quite  clearly  the  effects  of  the  daily  variations  of  tem- 
perature and  of  precipitation  upon  the  consumption  of  water.  As  at 
this  time  there  was  no  restriction  placed  upon  lawn  sprinkling,  the 
use  of  water  for  the  purpose  being  without  charge,  it  is  proba- 
ble that  the  results  presented  in  this  diagram  are  likely  to  be  in 
excess  of  those  in  almost  any  other  commimity.  Meteorological  con- 
ditions occurred  at  this  time  which  were  exceptionally  favorable  to  a 
determination  of  the  quantity  of  water  used  for  sprinkling  and  cooling 
purposes.  The  week  preceding  Monday,  June  3d,  had  been  hot  and 
dry,  and  each  day  had  shown  a  marked  increase  of  consumption  over 
the  corresponding  day  of  the  week  before.  On  Monday  the  consump- 
tion reached  52  578  764  galls.,  which,  when  combined  with  the  head 
pumped  against,  represented  55  313  916  157  foot-pounds  of  work  at 
the  engines.  As  the  preceding  day  was  Sunday,  a  day  of  low  after- 
noon and  evening  consumption,  the  qiiantity  of  water  pumjied  early 
Monday  morning  was  less  than  would  have  been  the  case  otherwise,  as 
is  shown  by  the  record  of  Tuesday,  in  which  the  cross-hatched  areas 
represent  the  hourly  excesses  of  work  over  the  corresponding  hours 
of  the  day  before,  and  it  will  be  seen  that,  up  to  8  a.  m.,  Tuesday  prom- 
ised to  be  a  day  of  greater  consumption  than  Monday,  but  about  this 
time  a  storm  began  brewing  and  rain  fell  from  9.45  A.  m.  to  8  p.  m.  in 
a  gentle  shower,  the  total  precipitation  being  0.17  in.  This,  and  the 
accompanying  fall  of  temperature,  which  is  shown  in  the  lower  part 
of  the  diagram,  caused  the  consumption  of  water  to  fall  off  rapidly, 
and  by  Wednesday  it  had  fallen  to  almost  exactly  that  of  the  mean 
day  for  the  year.  On  this  day's  plotting  the  cross-hatched  areas  rep- 
resent excess  of  work  over  corresponding  hours  on  Monday.  It 
seems  fair  to  assume  that  the  differences  in  consumption  and  work 
between  Monday  and  Wednesday  represent  the  amounts  of  each  due  to 
lawn  sprinkling  and  the  use  of  water  for  cooling  purposes,  when  correc- 
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Mr.  Williams. 
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Mr.  Williams,  tion  is  made  for  the  fire  on  Monday  afternoon,  rei^resented  by  the 
double  hatching  between  5  and  8  p.  m.,  when  four  steamers  were 
called  into  service;  and  for  the  variations  between  Sunday  and  week- 
night  consumption.  This  gives,  for  the  work  of  the  engines  due  to 
sprinkling  and  other  hot-weather  uses,  15  475  131  167  foot-pounds,  or 
more  than  one-third  of  the  average  daily  work  for  the  year,  and  the 
consumption  of  water  due  to  these  causes  was  more  than  12  000  000 
galls.,  or  nearly  25,*'o  of  the  average  daily  for  the  year.  The  shaded 
area  on  Monday  represents  this  excess  of  work,  and  shows  clearly  the 
distribution  of  such  usage  throughout  the  twenty-four  hours. 

These  charts  show  conclusively  that  in  determining  the  quantity  of 
water  to  be  provided,  temperature  and  precipitation  are  elements  of 
Ijrime  importance.  To  summarize  the  results  of  the  studies  of  these 
effects,  which  have  extended  over  several  years  at  Detroit,  during  all 
of  which  time  hourly  records  of  discharge  have  been  kept,  as  well  as 
of  head  pumped  against  and  pressure  upon  the  system  at  some  twenty 
different  locations,  it  may  be  said: 

(rt)  For  a  range  of  temperature  between  the  freezing  point  and 
about  50^  Fahr.  neither  changes  of  temperature  nor  amount  of  rain- 
fall has  any  apjireciable  effect  upon  the  consumption  of  water,  and, 
of  course,  precipitation  has  very  little  effect  when  the  temperature  is 
below  freezing. 

[b)  That  for  temperatures  above  50^  Fahr.,  increase  of  temperature 
increases  consumption,  and  a  decrease  of  temperature  or  an  increase 
of  precipitation  decreases  consumption. 

(c)  That  for  temperatures  below  the  freezing  jDoint  a  decrease  of 
temperature  increases  consumption. 

{d)  That  consumption  lags  behind  temperature  changes.  For 
instance,  after  high  temperature  the  consumjition  will  remain  high 
until  the  temperature  has  reached  a  few  degrees  below  where  it  was 
when  consumption  began  to  increase,  and  after  low  temperature  the 
consumption  will  remain  high  until  a  considerable  time  after  the 
mercury  has  passed  above  the  freezing  point. 

As  these  matters  have  been  more  extensively  discussed  in  the 
speaker's  reports,*  and  also  in  an  article,  "  Notes  on  Water  Consumj)- 
tion,"  in  The  Technicf  for  1897,  where  other  interesting  data  regard- 
ing consumption  in  Detroit  are  given,  the  several  other  interesting 
features  of  these  diagrams  will  not  be  considered  here. 

Fig.  3  represents,  by  the  areas  enclosed  between  the  base  and  the 
upper  stepped  line,  the  mean  daily  consumption  per  consumer  of 
water  in  the  City  of  Detroit  for  each  year  from  1871  to  1899,  inclusive, 
the  total  quantity  of  water  jiumped  being  determined  by  plunger  dis- 

*  Reports,  Board  of  Water  Commissioners,  Detroit,  Mich.,  for  1894,  1895, 1896  and 
1897. 

t  Published  by  The  Engineering  Society  of  the  University  of  Michigan,  Ann  Arbor, 
Mich. 
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Mr.  Williams.  i)lacement  as  already  described,  and  the  number  of  consumers  being 
obtained  by  multiplying  tlie  number  of  families  using  water  in  tlie 
city  by  the  factor  5.14,  that  being  the  mean  value  of  the  number  of 
persons  per  family,  deduced  from  the  United  States  censuses  for  1860, 
1870,  1880  and  1890.  It  may  be  remarked  that  owing  to  the  modern 
tendency  to  smaller  families,  which  is  clearly  shown  by  the  later 
censuses,  and  to  the  concentration  of  poijulation  at  times  of  financial 
dejiression  and  its  disj)ersion  tinder  opposite  conditions,  the  use  of  a 
constant  factor  is  not  strictly  accurate,  but  the  general  form  of  the 
consumption  area  would  not  be  greatly  changed  were  corrections 
made  to  account  for  these  conditions.  It  may  be  further  remarked 
that  more  than  99%"  of  the  entire  population  of  Detroit  is  supplied 
with  water  from  the  municipal  works,  there  being  no  other  source 
available  for  domestic  use. 

The  shaded  areas  along  the  upper  bounding  line  represent  the 
average  daily  qiiantity  of  water  per  consumer  sold  by  meter.  The 
upper  broken  line  rejiresents  the  mean  temperature  for  June,  July 
and  August,  or  the  hot  months,  and  the  lower  similar  line  represents 
the  mean  temperature  tor  the  cold  months,  January,  February, 
March  and  December;  while  the  lower  shaded  area  represents  the 
mean  total  monthly  j^recipitation  for  the  months  of  May,  June, 
July,  August  and  Sei3tember,  wherein  rainfall  may  affect  con- 
sumption. 

On  this  chart  the  effects  of  temperature  and  precipitation  can  be 
clearly  traced,  where,  for  example,  it  is  seen  that  the  very  low  winter 
temperature  of  1875  was  responsible  for  high  consumption,  while  in 
1881  this  appears  to  have  been  due  to  high  siimmer  temperature  and 
low  precipitation.  In  1882  high  winter  and  low  summer  tempera- 
ture combined  to  give  a  low  consumption,  while  in  1893  and  1895, 
and  again  in  1899,  the  ojjposite  conditions  conspired  to  the  ojiposite 
result. 

This  chart  is  further  of  interest  in  connection  with  the  eff'ect  of 
metering  ujaon  the  consumption  of  water  in  Detroit.  Notwithstanding 
that  oft-quoted  statements  and  figures  from  the  official  reports  of  these 
works  are  widely  in  error,  and  have  been  allowed  to  go  unchallenged 
for  several  years,  the  speaker  would  not  care  to  raise  those  points  at 
this  time  or  in  this  place,  were  it  not  that  such  statements,  made  by 
an  official  of  those  works,  are  on  record  in  the  Transactions  of  this 
Society.* 

The  statement  is  frequently  made  in  the  official  publications  that 
the  reduction  of  consumption  from  the  maximum  in  1888  to  the  mini- 
mum of  1892  was  due  to  the  saving  of  water  caused  by  metering. 
From  this  chart  it  will  be  seen  that  the  quantity  of  water  paid  for  by 
meter  in  1889  was  only  about  twice  that  similarly  paid  for  in  1888, 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvi,  pp.  49-52. 
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Mr.  Williams,  and  yet  the  saving  is  nearly  twice  as  great  as  during  the  following 
year,  when  four  times  as  much  water  was  sold  by  meter,  and  beyond 
1890  it  appears  that  the  increase  in  metered  water  has  very  little  bear- 
ing upon  the  variation  of  consumption.  These  facts  are  sufficient  to 
arouse  suspicions  as  to  the  remarkable  efficacy  claimed  for  the  meters; 
and  when  it  was  found  by  a  computation  of  the  discharging  caj^acity 
of  the  connections  metered  in  1889,  that  if  they  had  all  been  running 
wide  open  twenty-four  hours  in  the  day  in  1888  and  until  metered 
in  1889,  and  had  been  closed  completely  during  the  portion  of  1889 
after  the  meters  were  set,  the  amount  they  would  have  reduced 
the  consumjition  would  not  begin  to  account  for  the  saving  claimed, 
it  became  evident  that  some  other  cause  of  reduced  consumption  was 
to  be  looked  for,  and  upon  investigation  it  was  found  that  the  bulk 
of  the  saving  between  1888  and  1892  was  due  to  the  restriction  of 
waste  at  the  engines  themselves,  and  had  no  connection  with  the 
meters  further  than  that  it  was  instituted  at  the  same  time  and  for  the 
same  purpose  that  the  meters  were  introduced. 

Previous  to  1888  it  was  customary  to  open  the  waste-gate  at  the 
jDumping  engines  and  pump  back  into  the  river  rather  than  lay  oflf  an 
engine  at  night  when  the  consumption  fell  below  a  certain  point. 
The  engineer  in  charge  of  the  station  was  very  severe  with  his  subor- 
dinates when  an  engine  stopped,  and  beam  engines,  fly-wheel  engines, 
are  likely  to  stop  if  they  run  below  a  certain  rate  of  speed;  so  when 
the  engines  were  slowed  down  to  nearly  their  minimum  capacity  the 
attendants  opened  the  waste-gates,  discharging  back  into  the  jDump- 
well,  to  keep  them  pumping  during  the  night,  thus  avoiding  danger 
of  trouble  from  having  to  get  the  chief  up  early  in  the  morning  to 
start  the  engines  again. 

It  is  interesting  to  note  the  decided  jump  in  consumption  from 
1886  to  1887.  By  tracing  this  increase  back  it  was  found  that  the 
jump  began  at  the  time  the  reservoir  was  cut  off  from  the  system.  Up 
to  October,  1886,  the  Detroit  system  was  a  combination  of  reservoir 
and  direct  pressure,  the  water  being  pumped  directly  into  the  mains, 
but  the  reservoir  being  so  connected  that  a  suri)lus  accumulated  there, 
so  that  then  it  was  not  necessary  to  waste  much  water,  because  gener- 
ally there  was  a  chance  to  pump  8  or  9  ft.  depth  of  water  into  the 
reservoir  at  the  times  when  the  consumption  was  low.  But  the  reservoir 
was  disconnected  from  the  system  in  1886  because  it  was  felt  that  it 
did  not  afford  opportunity  for  sufficiently  high  pressures,  and  an 
increased  waste  at  the  engines  commenced  immediately,  the  jump 
being  noticeable  the  very  first  day  after  the  reservoir  was  abandoned, 
and  the  waste  continued  to  increase  until,  in  1888,  it  had  become  so 
great  that  the  Board  of  Water  Commissioners  was  appalled  at  the 
quantity  of  water  which  was  being  pumped,  a  large  portion  of  which 
was  never  getting  to  the  city  at  all.     The  Board  feared  that  it  would 
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have  to  reconstruct  the  entire  system  at  that  rate  inside  of  five  years;  Mr.  Williams, 
and  the  only  alternative  appeared  to  be  to  introduce  meters,  which 
it  began  to  do  at  once. 

There  were  some  notable  cases  of  reduction  of  consumption  when 
those  first  meters  were  piat  in,  but  nothing  that  would  account  for  any- 
where near  the  drop  which  actually  took  place.  Simultaneously  with 
the  introduction  of  the  meters,  the  waste  at  the  engines  was  curtailed, 
and  as  little  water  was  wasted  there  as  could  be  with  the  devices  that 
existed  for  controlling  the  machinery,  for  there  were  times  when  it  was 
necessary  to  waste  some  water.  In  1893,  when  the  speaker's  connec- 
tion with  the  works  began,  he  had  a  record  kept  of  the  opening  of  the 
waste-gates,  the  time  during  which  they  were  open,  the  number  of 
turns,  etc. ,  and  began  estimating  the  quantity  of  water  wasted  in  that 
way;  and  although  at  that  time  it  was  supposed  that  there  was  no 
waste,  or  at  least  that  no  more  water  was  wasted  than  was  absolutely 
necessary,  it  was  found  that  the  waste  gates  sometimes  discharged 
anywhere  from  5U0  000  to  2  000  000  galls,  a  day.  When  this  waste 
was  so  great  under  those  conditions,  it  can  readily  be  imagined  that 
considerably  more  had  been  wasted  when  there  was  no  attempt  to  re- 
strict the  quantity  thus  lost.  Comparisons  between  Sunday  and  week- 
day consumptions  in  1888  showed  that  from  7  000  000  to  10  000  000  galls, 
had  been  wasted  daily  on  some  occasions.  In  1894  the  engines  were 
remodeled,  and  by  1895  they  were  so  arranged  that  it  was  unnecessary 
to  waste.  Since  early  in  1895  there  has  been  no  loss  of  water  pumped 
at  the  engines  in  the  Detroit  works. 

In  establishing  the  necessary  qiiantity  of  water  to  be  allowed,  it  is 
the  speaker's  opinion  that  the  range  of  temperature  must  be  taken 
into  consideration,  and  also  the  latitude  of  the  locality  in  question; 
whether,  for  instance,  it  is  in  New  York  or  in  Georgia.  The  freedom 
with  which  the  use  of  water  for  cooling  purposes,  for  sprinkling 
purposes,  etc.,  is  permitted,  must  also  be  considered,  as  well  as  the 
character  of  the  population.  It  seems  impossible  to  lay  down  any 
hard-and-fast  rule  on  this  subject,  because  so  many  varying  condi- 
tions are  encountered. 

There  are  manufacturing  communities  in  this  country  where  the 
consumption  of  water  is  reported  to  be  only  about  30  galls,  per  capita. 
In  the  City  of  Detroit  the  manufacturing  and  business  consumption 
alone,  all  of  which  was  metered,  has  amounted  to  more  than  20  galls, 
per  consumer,  in  fact  to  about  25  galls.;  and  when  we  reflect  that  in 
that  city  a  large  proportion  of  the  factories  draw  their  supplies  directly 
from  the  river,  and  that  few  authorities  have  had  the  temerity  to 
recommend  5  galls,  as  a  jjroper  domestic  allowance  per  capita,  one  is 
led  to  question  whether  the  30  galls,  per  capita  claimed  in  some  places 
is  not  30  galls,  per  inhabitant,  and  very  possibly  60  galls,  per  con- 
sumer. 
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Mr.  Williams.  In  June,  1896,  the  record  of  consumption  of  819  private  families  in 
Detroit  suiDplied  by  meter  was  45  galls,  per  person  daily,  and  the 
average  daily  consumption  for  June  was  less  than  1%  from  the  aver- 
age for  the  year.  These  819  families  were  taken  at  random,  but  prob- 
ably represented  mainly  the  middle  class,  and  did  not  include  more 
than  half  a  dozen  first-class  residences.  Although  the  speaker  at  one 
time*  estimated  23  galls,  per  person  as  a  proper  domestic  allowance  for 
Detroit,  in  the  light  of  later  develoi^ments  he  would  j)lace  the  limit  at 
nearly  double  that  quantity. 
Mr. Trautwine.  John  C.  Trautwine,  Jr.,  Assoc.  Am.  Soc.  C.  E. — Fortunately,  it  is 
no  longer  necessary  to  argue  with  engineers  in  favor  of  water- waste 
restriction,  and  there  is  practical  unanimity  as  to  the  means  by  which 
such  restriction  may  and  should  be  accomplished;  but,  unfortunately, 
the  water-works  of  too  many  American  cities  are  managed,  not  by  en- 
gineers, but  by  bodies  of  laymen,  destitute  of  technical  knowledge, 
and  apt  to  follow  the  uneducated  judgment  of  the  people  at  large, 
when  they  are  not  following  something  less  commendable.  It  is,  there- 
fore, in  most  cases,  necessary  for  the  engineer  to  obtain  the  consent  of 
the  people  to  be  benefited  in  the  manner  he  jDroposes,  and  it  would 
seem  that  the  only  question  left  to  discuss  is,  how  best  to  obtain  that 
consent. 

For  those  of  us  who  think,  it  is  difficult  to  grasp  the  inefiicacy  of 
argument,  based  upon  facts,  in  educating  the  public.  For  four  years, 
as  Chief  of  the  Bureau  of  Water  in  Philadelphia,  the  speaker  was  in- 
stant, in  season  (and  possibly  now  and  then  out  of  season)  in  holding 
up  before  the  people  the  enormity  and  absurdity  of  the  city's  waste 
of  water,  and  the  deplorable  consequences  of  that  waste.  He  showed 
them  that  probably  three-fourths  of  all  the  water  j)umped  was  being 
wasted,  and  that  by  a  very  small  minority  of  the  people,  who  were 
thus  victimizing  the  great  and  stupid  majority.  He  showed  them 
how  this  waste  dejjrived  them  of  an  ample  supply  and  threatened  the 
imposition  of  enormous  additional  financial  burdens  for  no  useful  pur- 
pose. The  people  said,  "We  are  opposed  to  meters."  Even  the 
grave  and  reverend  Public  Ledge?-  echoed  (and  it  still  keeps  re-echoing) 
the  antediluvian  cry,  "  Let  water  be  as  free  as  air,"  and  those  who  con- 
descended to  use  their  gray  matter  at  all  in  connection  with  the  sub- 
ject, asked,    "  How  can  we  waste  what  we  do  not  get?" 

The  speaker,  therefore,  presents  his  experience  as  a  rather  melan- 
choly instance  of  the  inefficacy  of  what  may  be  called  the  direct  or 
argumentative  method  of  jjublic  education,  and  he  would  be  glad  to 
learn  of  more  eflective  methods. 

The  speaker  is  glad  to  learn,  from  Professor  Humphreys,  that  an 
object  lesson,  presented  before  a  college  of  apostles,  may  be  of  use 
after  all,  and  that  the  primer  which  the  speaker  produced  before  the 

*  Michigan  Engineer's  Annual,  1895. 
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American  Water-Works  Association,  at  Richmond,  last  year,  has  found  Mr.  Trautwine. 
its  way  into  the  hands  of  an  abler  educator,  and  is  bearing  fruit. 

Some  caution  is  proper  in  applying  the  data  of  Mr.  Bering's  table 
to  the  question  of  the  advisability  of  installing  meters  in  a  given  case. 
For  instance,  the  Philadelphia  works,  from  1895  to  1899,  were  actually 
driven  to  their  utmost,  every  pump  working  night  and  day,  in  the 
hopeless  task  of  filling  a  sieve,  while  the  Bureau  of  Water  was  be- 
sieged with  complaints,  personal,  telephonic  and  by  correspondence, 
of  shocking  cases  of  short  supj^ly.  A  majority  of  the  representatives 
of  the  people,  in  Select  and  Common  Councils  assembled,  being  hos- 
tile to  the  existing  administration,  would  permit  no  waste  restriction 
and  would  grant  no  dollar  for  extensions  and  improvements,  though 
they  were  not  backward  in  asking  for  estimates  of  cost  of  filtration  and 
extension.  In  resj^onse  to  one  of  these  requests,  the  writer  submitted 
a  report,  showing  that,  if  ."$1  000  000  were  expended  upon  meters,  the 
cost  of  installation  for  filtration  and  other  imi^rovements  would  be 
about  $3  600  000;  whereas,  if  the  waste  continued  unchecked,  about 
$12  500  000  would  be  required.  In  cases  like  this  it  might  be  found 
that  the  introdiiction  of  meters  was  most  desirable,  even  though,  upon 
the  basis  of  Mr.  Bering's  table,  it  might  uppear  uneconomical. 

From  the  experience  of  Moscow  it  appears  that  an  efi"ective  means 
of  waste  restriction  would  be  the  abolition  of  existing  sewerage  systems. 
In  Moscow,  a  few  years  ago,  without  a  system  of  sewerage,  it  was 
more  difficult  to  get  the  water  away  from  a  house  than  to  bring  it 
there,  and  the  consumjition  amounted  to  only  6  galls,  per  head  per  day. 

Rudolph  Heking,   M.   Am.    Soc.    C.    E. — Mr.  Trautwine's  remarks  Mr.  Bering, 
express   substantially   the    sj^eaker's   views,    with,    jserhaiss,    one    ex- 
ception. 

While  all  seem  to  be  of  one  oi^inion,  and  should  be  so,  regarding 
the  advisability  of  jjreventing,  so  far  as  possible,  all  needless  waste  of 
the  public  water  supply,  it  is  necessary,  in  endeavoring  to  secure  to 
this  end  the  hearty  co-oi^eration  of  the  public,  to  present  not  only  a 
thoroughly  just  and  practicable  method,  but  one  which  will  not  in  dis- 
guise substitute  one  injustice  for  another.  Needless  waste  by  some 
users,  strictly  speaking,  correspondingly  reduces  the  suj^ply  and  its 
pressure  for  other  users,  or,  if  the  supply  be  corresiJondingiy  aug- 
mented, it  thereby  increases  the  general  expense.  Herein  lies, 
clearly,  an  injustice  to  the  careful  user.  On  the  other  hand,  when- 
ever it  occurs  in  an  individual  case  that  the  expense  of  restricting 
the  waste  is  greater  than  the  cost  of  furnishing  the  water  which  is 
saved  by  the  restriction,  then,  paying  by  meter  measurement  would 
be  manifestly  as  absurd  as  paying  more  than  one  dollar  to  get  one 
dollar's  worth  of  gold  out  of  a  mine.  In  this  case  the  "  careful 
user,"  who  is  economical  and  in  the  majority,  would  be  forced  to 
pay  a  part  of  the  expense  of  a  general  introduction  of  meters,  neces- 
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Mr.  Hering.  sitated  by  the  comparatively  few  extravagant  or  wasteful  users,  and 
once  more  we  do  an  injustice  to  the  former,  and  establish  a  penalty  for 
thrift. 

A  year  ago,  when  connected  with  an  investigation  of  the  water 
supply  of  New  York,  this  question  was  prominently  brought  forward. 
The  cost  of  the  water  delivered  at  the  city  line,  at  an  elevation  of  300 
ft.,  more  or  less,  varied,  in  the  several  projects  investigated,  from 
$8  to  $32.25  per  million  gallons,  including  interest,  depreciation  and 
maintenance.*  Investigations  made  in  Philadelphia  two  years  ago 
indicated  that  the  cost  of  delivering  water  into  the  city  reservoirs 
varied  in  the  several  jsrojects  from  $15. 10  to  $19. 70  per  million  gallons, 
including  interest,  depreciation,  pumping  and  maintenance.!  At  the 
pumping  stations  in  some  of  our  large  Lake  cities,  the  cost  of  water 
delivered  under  pressure  per  million  gallons,  including  interest, 
depreciation  on  pumping  jilant  and  intake  tunnels,  pumicing  and 
maintenance  is  as  follows:  Chicago,  about  $11.50;  Milwaukee,  including 
the  high-service  lift,  $12.62,  and  Erie,  Pa.,  about  $23.  The  additional 
cost  for  distribution  is  estimated  as  follows:  Chicago,  about  $8,  and 
Erie,  including  reservoir,  about  $16. 

With  these  facts  before  him,  the  speaker  prepared  Table  No.  1  in 
Older  to  indicate  in  figures  what  bearing  the  question  of  the  cost  of 
water  would  have  upon  the  meter  question.  It  should  be  added  that, 
of  course,  the  complete  cost  of  water  would  include  not  only  the  cost 
delivered  into  the  reservoirs,  but  also  into  the  buildings,  and  the  cost 
of  fixtures,  etc.  In  fact,  strictly  sjDeaking,  it  might  be  made  to  include 
also  the  resulting  sewerage  works,  which  are  but  a  continuation  and 
made  necessary  by  the  existence  of  the  water  supply  system.  For  the 
purpose  then  had  in  view,  the  cost  of  the  delivery  into  the  existing 
distribution  system,  excluding  the  cost  of  the  latter,  was  deemed 
proper.  To  include  the  cost  of  the  distribution  system  would  mean 
to  add  the  interest  on  the  investment,  the  depreciation  of  the  pipes 
and  appurtenances  and  the  cost  of  general  maintenance;  then  reduce 
the  same  to  1  000  000  galls,  of  water  consumed,  and  find  the  corre- 
si3onding  value  reijresenting  the  cost  of  the  water  in  Table  No.  1. 

The  permanent  cost  of  introducing  a  meter  service  into  an  ordinary 
dwelling-house  may  vary  from  $2  to  $3  per  annum.  This  includes  the 
cost  of  installing  the  meter,  keeinng  it  in  repair  and  replacing  it  with 
a  new  one  every  ten  years;  and  includes  the  cost  of  reading  it  quarterly 
and  of  keeping  the  accounts.  With  a  perpetual  running  cost  of  $2  or 
$3  per  annum  for  metering,  we  should  clearly  expect  to  save  thereby, 
respectively,  at  least  $2  or  $3  worth  of  water.     The  table  sujiposes  that 

*  "The  Water  Supply  of  the  City  of  New  York,"  by  the  Merchants'  Association  of 
New  York.  August,  1900. 

t  "Report  on  the  Extension  and  Improvement  of  the  Water  Supply  of  the  City  of 
Philadelphia,"  by  Rudolph  Hering.  Joseph  M.  Wilson,  Samuel  M.  Gray,  Commissioners; 
September,  1899. 
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only  tlie  less  amount  is  saved,  and  indicates  the  number  of  persons  per  Mr.  Hermg. 
meter  more  than  which  makes  a  meter  economical,  under  three  condi- 
tions of  waste,  namely,  of  saving  25,  50  or  75  galls,  per  day  per  person, 
and  assuming  the  cost  of  the  water  to  be  :$10,  $25,  $50,  $75  or  $100  per 
million  gallons.  If  the  cost  of  metering  a  dwelling-house  should  be  $3 
instead  of  $2,  then  50%"  would  have  to  be  added  to  the  number  of 
occupants  given  in  the  table. 


TABLE  No.   1 

Number  of  G 

ALLONS   WHICH 

Expected  to 

)AY. 

Cost  of  Water  to  City,  per  Million  Gallons,  Delfvered 
INTO  the  Distribution  System.* 

Save  per  ] 

$10.                $25. 

$50. 

$75. 

$100. 

Per  head. 

Per  family  of 
six  persons. 

Number  of  dwelling-house  occupants,  more  than  which 
makes  the  use  of  a  single  meter  (J-in.  or  |-in.)  economi- 
cal, when  the  perpetual  cost  of  a  meter  service  is  not 
over  $2  per  annum. 

(1) 
25 

(3) 

150 
300 
450 

(3) 

21.9 
10.0 
7.3 

(*) 

8.7 
4.4 
2.9 

(5) 

4.4 
2.2 
1.5 

<6) 

2.9 
1.5 
1.0 

(7) 
2.2 

50 

1.0 

75 

0.7 

*  Columns  3  and  4  might  not  include  the  cost  of  the  distribution  system. 

The  table  is  constructed  from  the  following  formula: 

Let  a  designate  the  cost  of  the  service  of  meter,  in  dollars  per  annum ; 

Let  b  designate  the  number  of  gallons  saved  by  the  meter  service  per  consumer  per 
day: 

Let  c  designate  the  cost  of  water,  in  dollars  per  million  gallons  delivered  by  the  city; 

Let  n  designate  the  number  of  consumers  using  one  meter. 

Then  let  the  cost  of  the  meter  service  equal  the  cost  of  the  number  of  gallons 
saved,  or, 

a  =  365  6  ; 


1  000  000 
or,  reduced  to  n, 
„       1  000  000  a 


Whatever  quantity  of  water  disappears  by  leakage,  unpreventable 
waste  on  its  way  from  the  reservoir  to  the  buildings,  public  hydrants, 
or  fountains,  and  the  quantity  under-registered  by  the  meters  must,  of 
course,  be  accounted  for,  and  should  be  proportionately  charged 
against  private  and  public  service,  thus  raising  the  cost  per  million 
gallons  usefully  consumed.  Thus,  unpreventable  loss  will  vary  greatly, 
and  chiefly  with  the  care  that  has  been  taken  in  the  construction  and 
maintenance  of  the  works.  In  well-managed  works  it  need  not  be  over 
1^%;  but  even  if  it  were  25%  of  all  the  water  delivered,  it  would  deduct 
but  one-quarter  from  the  number  of  occupants  given  in  the  table. 

The  table  shows  that,  with  any  reasonable  allowances,  and  in  a  city 
where  water  is  cheap,  it  is  not  economical,  as  a  general  rule,  to  place 
meters  in  houses  for  small  families,  because  it  may  then  cost  less  to  let 
a  certain  amount  of  water  go  to  waste  than  to  provide  means  for  check- 
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Mr.  Hering.  ing  it.  This  argument  has  been  often  made  before;  practical  business 
men  see  the  strength  of  it,  and  engineers  certainly  do  not  wish  to  ignore 
it.  Unfortunately,  however,  it  is  sometimes  used  to  oppose  the  intro- 
duction of  meters  into  any  house  whatsoever,  a  conclusion  altogether 
without  reason  or  justice. 

To  deal  successfully  with  this  matter,  we  should,  therefore,  discrim- 
inate carefully,  and  recommend  meters  only  for  those  buildings  and 
users  where  the  probable  saving  will  at  least  pay  for  the  meter  service. 
And,  in  summing  uj)  the  whole  question,  it  appears  to  the  speaker 
that  the  best  way  at  j^resent  to  handle  the  introduction  of  meters  is: 

First,  to  have  the  city  or  water  company  own  the  meters  in  all 
cases. 

Second,  to  give  every  user  the  opportunity  to  jjay  for  his  consump- 
tion of  water  by  meter,  if  he  wishes  to  do  so,  and  can,  thereby,  save 
himself  money  beyond  a  fixed  minimum  charge. 

Third,  to  give  the  authorities  the  right  to  exact  payment  by  meter 
measurement  from  any  user,  not  only  in  all  cases  where  the  water 
is  used  for  manufacturing  or  business  purposes,  but  also  in  any  private 
house  when  these  authorities  have  reason  to  believe  that  the  domestic 
consumption  is  greater  than  the  quantity  covered  by  certain  fixed 
rates.  Where  water  is  expensive,  this  would  mean  a  meter  service 
for  iDerhaps  every  house;  where  water  is  cheap,  all  the  smaller  dwelling- 
houses  would,  as  a  rule,  require  none. 

It  is  questionable  whether  the  greatest  waste  of  water  in  a  city,  as 
shown  by  reported  figures,  is  attributable  to  the  carelessness  of  private 
consumers.  J.  James  K.  Croes,  President,  Am.  Soc.  C.  E.,  in  his  exami- 
nation of  the  New  York  water  supply,  estimates  that,  of  the  total  waste, 
only  one-fifth  is  inside  of  the  hoiTses,  and  four-fifths  on  the  streets  and  in 
old  taps  or  unused  service  pipes.  In  Philadelphia  it  seems  probable 
that  a  similar  condition  exists.  It  appears,  therefore,  that  in  addition 
to  the  reduction  of  undue  waste  in  houses,  the  cities  should  similarly 
examine  into  the  economical  question  of  reducing  the  waste  from 
underground  leakage. 

As  suggested,  a  district  meter  system  can  be  introduced,  to  localize 
and  measure  leakage;  then  it  can  be  ascertained,  somewhat  as  above, 
whether  the  cost  of  repairing  a  particular  leak  is  or  is  not  justified  by 
the  value  of  the  water  to  be  saved,  or  by  the  amount  of  damage  being 
done  by  the  leak. 

Another  jjoint  seems  to  need  emphasis,  in  view  of  the  conclu- 
sions which  have  been  repeatedly  drawn.  We  frequently  hear  of  the 
evidence  from  Fall  River,  Woonsocket,  etc.,  quoted  against  that  from 
New  York,  Philadelphia,  Washington,  Buffalo,  etc.,  regarding  the 
waste  of  water.  The  former  class  consists  generally  either  of  small 
cities,  of  those  "  having  a  preponderance  of  the  operative  class,  whose 
average  wealth  and  opportunities  for  luxuries  "  in  the  use  of  water  are 
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small,  or  of  those  cities  which  are  fortunate  in  possessing  a  continu-  Mr.  Hering. 
ance  of  good  and  vigilant  officials,  keeping  the  waste  in  check.  The 
other  class  consists  generally  of  cities  of  large  ijopiilation,  of  wealth 
and  luxury,  in  which  the  officials  have  less  opjiortunity  closely  to  look 
after  and  control  individual  consumers,  and  in  which  there  is  some- 
times a  disposition  to  resist  anything  that  might,  though  mistakably 
so,  appear  to  curtail  a  citizen  in  the  liberal  use  of  all  the  water  he 
needs. 

Those  of  the  latter  class  unquestionably  and  properly  require  a 
larger  per  capita  supply  than  those  of  the  former. 

Among  individual  consumers,  also,  we  almost  invariably  find  in 
the  houses  of  the  wealthier  class  a  very  much  greater  per  capita  use 
than  in  the  houses  of  the  poorer  class.  It  is  likewise  true  that,  along 
with  an  increase  in  the  standard  of  living,  from  decade  to  decade,  the 
legitimate  per  capita  water  consumption  has  also  increased  and  may 
increase  still  more. 

For  one  who  has  always  been  emphatically  opposed  to  the  waste  of 
water  and  who  has  favored  every  rational  means  of  preventing  the 
same,  it  may  seem  contradictory  to  take  issue  with  some  of  those  engi- 
neers who  desire  the  same  end.  The  present  question,  however,  is 
chiefly  one  of  means,  of  jjracticable  means  to  secure  this  much-desired 
end,  and  on  this  question  of  means  there  may  be  a  reasonable  differ- 
ence of  ojHuion. 

Referring  to  the  writer's  opinion,  that  meters  should  generally  be 
omitted  in  houses  for  small  families  in  those  cities  where  water  is  very 
cheap  and  whenever  in  consequence  thereof  a  meter  service  would  cost 
more  than  the  water  saved,  Mr.  Crowell,  in  his  discussion,  disagrees, 
but  does  not  adduce  any  fact  or  clear  reason  why  he  cannot  agree  to 
this  i^roposition.  To  enlarge  somewhat  ujjon  this  matter,  the  writer 
does  not  believe,  nor  did  he  ever  believe,  that  meters  should  in  any 
case  be  prohibited.  He  is  desirous  of  seeing  the  waste  of  water,  and, 
therefore,  of  money,  reduced  as  far  as  it  is  economical.  To  this  end 
he  believes  that  the  city  should  have  the  jjrivilege  to  meter  every 
house,  but  should  place  a  meter  only  wherever  it  pays  the  city  to  do 
so;  and,  further,  the  user  should  have  the  same  j^rivilege,  and  should 
be  entitled  to  demand  the  i^lacing  of  a  meter  whenever  it  pays  him  to  do 
so.  In  both  cases,  i^ublic  and  private,  this  is  virtually  a  recommenda- 
tion to  introduce,  not  to  prohibit,  meters;  and,  as  the  writer  further 
believes,  this  recommendation  in  both  cases  is  based  on  a  fundamental 
IJrincijjle  of  equity  and  true  economy,  and  therefore  practicable.  So 
long  as  we  insist  on  metering  every  house,  even  when  it  can  be  shown 
to  entail  a  loss  of  money,  we  are  likely  to  defeat  our  very  object,  and 
cause  the  peojjle  to  postpone,  if  not  permanently  reject,  the  more  gen- 
eral introduction  of  meters. 

When  there  is  so  much  difficulty  in  convincing  certain  classes  of 
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Mr.  Hering  water  users  tliat  metering  their  sujaply  would  save  tliem  money,  instead 
oi  the  contrary,  and  in  convincing  some  city  governments  that  a  more 
general  introduction  of  meters  would  reduce  operating  expenses  and 
postpone  the  day  for  enlarging  their  works,  an  endeavor  should  be 
made  to  throw  no  obstacles  in  the  way  of  the  best  means  of  accomplish- 
ing this  much-desired  result.  We  should,  on  the  contrary,  try  to 
make  the  way  easy  and  smooth,  and  should  use  a  rational  method 
which,  from  its  fairness,  will  appeal  directly  to  those  who  must  pay 
the  bill,  and  which  will  gradiially  but  surely  obtain  the  wished-for 
result. 

Mr.  Crowell  refers  to  his  article  on  "  The  Use  and  Waste  of  Water 
in  New  York  City."  He  expresses  therein  his  opinion  that  in  Man- 
hattan and  the  Bronx  a  total  siipi:)ly  of  107  000  000,  or  55  galls,  per 
head  per  day  of  the  resident  population,  would  be  a  sufficient  allow- 
ance, instead  of  the  present  consumption  of  these  districts,  which  i& 
over  227  000  000  or  117  galls,  per  head  per  day  of  resident  population; 
the  difference  being  a  theoretically  preventable  waste  of  120  000  000 
galls,  per  day.  He  estimates  "the  possible  saving,"  that  is,  "the 
extent  to  which  the  prevention  (of  waste)  can  be  carried,"  "  as  a  very 
considerable  part  of  the  theoretical  amount." 

John  R.  Freeman,  M.  Am.  Soc.  C.  E. ,  states*  his  conclusions  on 
the  practical  chances  of  reducing  the  present  per  capita  supply  in  the 
City  of  New  York,  so  as  to  postpone  the  inauguration  of  a  new  supply, 
as  follows: 

"It  is  dangerous  to  public  interests  to  be  too  hopeful  about  pre- 
venting waste  when  estimating  the  date  when  the  new  supply  must  be 
available,  or  in  estimating  its  necessary  magnitude,  for  with  these 
hopes  unfulfilled  and  the  reservoirs  empty,  the  disaster  would  then  be 
beyond  remedy." 

The  Engineering  Committee  of  the  Merchants'  Association,  referred 
to  by  Mr.  Crowell,  in  view  of  all  the  evidence  before  it,  unanimously 
shared  Mr.  Freeman's  views,  and  advised  taking  immediate  steps  for 
an  increased  supply  as  the  most  proper  practical  solution  of  the  ques- 
tion, not  believing  it  to  be  safe  to  rely  on  a  material  reduction  of 
waste. 

In  view  of  the  enormous  floating  population  of  New  Y'ork,  the 
foregoing  figures  given  by  Mr.  Crowell  are  somewhat  misleading,  be- 
cause, if  the  actual  number  of  water  consumers,  including  the  large 
number  of  transients  constantly  in  New  Y'ork,  is  considered,  the  res- 
ident per  capita  rate,  and  therefore  the  apparent  waste,  would  be 
correspondingly  reduced. 

In  his  discussion,  Mr.  Crowell  takes  exception  to  the  statement 
"so  often  heard,"  that  the  per  capita  water  consumption  increases  gen- 
erally as  wealth  and  luxury  increase.     He  does  not  substantiate  his 

*  "  Report  on  New  York's  Water  Supply.  Made  to  Bird  S.  Coler,  Comptroller," 
by  John  R.  Freeman,  March,  1900. 
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exception  by  statistics.  The  writer  believes  that  this  would  indeed  Mr.  Hering. 
be  ditficult,  unless  there  was  a  metering  for  substantially  every  house 
and  a  comparison  in  each  one  with  the  wealth  of  the  residents,  as 
measured  perhaps  by  the  propei'ty  tax  or  the  rent.  So  far  as  this  has 
been  done,  in  the  writer's  experience,  the  result  has  roughly  indi- 
cated such  a  relation  between  the  average  consumption  per  txser  and 
the  average  rental  of  the  dwelling,  provided  extreme  cases  and  trade 
water  are  excluded.  This  result  has  been  noticed  in  Europe  as  well 
as  here,  but  here,  also,  no  statistics  seem  to  be  available. 

If  the  figure  representing  the  entire  delivery  of  water  is  divided 
by  the  figure  representing  the  entire  resident  population,  thus  getting 
the  so-called  per  capita  supi^ly,  making  no  deduction  for  that  part  of 
the  population  which  is  not  sujjplied,  nor  considering  the  transient 
population  which  is  supplied,  nor  taking  special  account  of  the 
quantity  of  water  used  for  manufacturing  purposes,  the  above  rela- 
tion between  wealth  and  consumption  may  naturally  become  much 
distorted. 

It  may  not  be  amiss  to  emphasize  again,  that  in  large  cities  meters 
may  not  be  the  chief  remedy  against  waste.  There  is  in  some  cities  a 
very  large  loss  of  water  outside  of  the  buildings,  as  pointed  out  fre- 
quently. Old  service  pipes  and  mains  furnish  a  large  proportion  of 
the  waste,  and  the  resulting  leakage  needs  correction  fully  as  much  as 
the  waste  in  dwellings. 

The  under-registration  of  meters  is  another  question  that  should 
have  a  careful  consideration.  When  tested,  their  slip  is  known. 
After  running  for  some  time,  the  slip  is  known  to  increase,  and  a 
case,  once  before  the  writer,  revealed,  under  a  light  flow,  a  slip  of 
about  50  per  cent. 

From  what  is  said  above,  the  wastage  inferred  from  meter  records, 
therefore,  is  not  always  actual,  except  in  rare  cases.  It  may  some- 
times be  as  delusive  as  that  recorded  for  pumpage  when  the  actual 
slip  of  the  pumps  is  not  accurately  known.  Or,  it  may  be  deduced 
from  a  delusive  figure  as  to  the  actual  water  consumers.  Or,  the  loss 
of  water  by  leakage  in  streets  and  on  public  grounds  may  in  part 
tacitly  be  assumed  as  being  due  to  waste  by  private  consumers. 

Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E. — The  speaker  Mr.  FitzGerald. 
believes  in  taking  every  reasonable  stejj  to  stop  needless  and  willful 
Avaste  of  water.  Here  is  a  shinihg  example  of  the  beneficent  results 
arising  from  the  general  introduction  of  meters.  Recently,  the  speaker 
was  consulted  by  a  city  in  regard  to  an  additional  supply  of  water,  and 
in  the  course  of  his  investigations  found  the  folio  wing  remarkable  con- 
ditions: Population,  40  063;consumption/>erc'/;jita,  29.3galls.  ;domestic 
use,  metered,  10.9  galls.,  and  unmetered,  2.5  galls.;  manufacturing, 
4  galls. ;  street  sprinkling,  2.5  galls. ;  fountains,  1.3  galls. ;  unaccounted, 
8.1  galls.     The  latter  includes  water  used  for  fires,  flushing  sewers  and 
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Mr  Fitzgerald,  water  mains  and  puddling  trenches.  One  of  the  interesting  facts  in 
connection  with  this  city  is  that  there  has  been  no  increase  per  capita 
in  the  consum^jtion  during  the  past  six  years.  The  total  number  of- 
meters  in  use  is  4  300;  total  number  of  services,  5  275,  and  about  one- 
third  of  the  whole  supply  is  used  for  manufacturing  purposes.  The 
water  for  street  sprinkling  and  for  fountains  is  measured. 

In  order  to  check  the  small  waste  unaccounted  for,  the  speaker 
made  measurements  of  the  fall  of  the  water  in  the  stand-pipe  between 
the  hours  of  1.00  and  5.00  a.  m.,  and  found  it  to  check  almost  exactly 
with  the  foregoing  amount  of  8. 1  galls,  per  capita  unaccounted  for. 
Probably  this  loss  is  due  to  leakage  in  the  pipes  or  unmetered  connec- 
tions, as  the  legitimate  use  of  water  in  the  early  morning  must  be  very 
small. 

It  is  evident,  on  investigation,  that  in  this  case  everyone  uses  all 
the  water  he  desires,  and,  as  there  is  an  excellent  sewerage  system,  the 
jDlumbing  is  on  a  liberal  scale  for  a  city  of  this  size.  The  contrast 
between  the  foregoing  excellent  administration  of  a  public  water 
supply  and  that  prevailing  where  no  attention  is  paid  to  the  restriction 
of  waste  is  refreshing. 
Mr.  Owen.  James  Owen,  M.  Am.  Soc.  C.  E. — The  pressure  under  which  water 
is  delivered  is  a  potent  factor  in  the  checking  of  waste.  In  the  average 
small  town  which  is  compelled  to  supply  water  for  fire  purposes 
without  the  aid  of  a  steam  fire-engine,  it  will  be  found  that  the  daily 
consumi:)tion  of  water  is  at  least  20  to  30%'  more  than  in  those  cases 
where  water  is  delivered  under  the  ordinary  house  pressure,  and  with- 
out the  requ.irements  of  fire  service.  This  would  show  that  the  loss, 
as  Mr.  Herschel  says,  is  behind  the  meter,  to  a  large  extent.  Inci- 
dentally, also,  there  is  a  great  loss  through  the  fixtures,  due  to  a  higher 
pressure. 

Another  point,  which  may  savor  of  heresy,  is  that  the  engineer  in 
charge  of  a  water  plant  should  control  the  supply,  to  a  certain  extent, 
if  he  can.  The  speaker  does  not  think  that  the  public  is  educated  up 
to  the  idea  that  they  should  not  have  all  the  water  they  can  get,  but 
they  should  be  educated  uj)  to  the  idea  that  they  can  use  only  what  is 
given  them.  That  has  been  a  matter  of  practice,  secretly,  in  a  great 
many  cities  where  the  service  supply  has  been  very  short  and  where 
the  gates  have  had  to  be  closed  in  order  to  curtail  the  supply.  In  one 
case,  during  a  shortage  of  water,  the  s]feaker  made  a  practice  of  shut- 
ting off  nearly  all  the  water.  A  by-pass  was  put  in  by  which  the  ordi- 
nary 12-in.  main  was  reduced  to  a  2i-in.  feeder.  This  practice  was 
carried  on  for  about  two  months  before  anyone  found  it  out.  The 
result  was  that  the  night  consumjjtion  during  hot  weather  was  reduced 
to  a  minimum,  and  the  period  of  dry  weather  was  safely  passed.  In 
regard  to  such  cases  the  speaker  suggests  that  it  may  be  possible  for 
the  engineer  in  charge  of  a  water  supply  to  arrogate  to  himself,  perhaps. 
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the  control  of  this  service  according  to  the  conditions.     It  is  too  often  Mr.  Owen, 
the  case  that  the  engineer  tries  to  give  the  people  all  there  is. 

In  another  instance  a  serious  epidemic,  resulting  in  many  cases  of 
sickness,  was  caused  by  the  effort  of  the  engineer  to  give  an  alternate 
supply,  of  water  which  was  not  proper  to  be  used,  in  order  to  keep  up 
the  service  and  the  pressure.  If  he  had  used  what  he  had  during  the 
day  and  had  simisly  reduced  the  pressure  at  night  he  would  have  had 
no  trouble. 

D.  C.  Humphreys,  M.  Am.  Soc.  C.  E. — The  speaker  has  made  very  Mr.  Hum- 
effective  use  of  the  arguments  given  in  Mr.  Trautwine's  paper,  before  P^'^^y^- 
the  American  Water- Works  Association  at  Richmond,  Va.,  in  educating 
his  fellow-citizens  and  the  town  council  in  the  town  in  which  he  lives. 
In  that  town,  some  twelve  years  ago,  the  speaker  put  in  an  extension 
of  the  water-works,  and  since  then  he  has  been  striving  to  obtain  the 
introduction  of  meters  in  order  to  check  the  waste,  but  has  found  it  to 
be  a  long  and  serious  task. 

The  situation  is  as  follows :  The  town  has  a  population  of  3  000  to 
4  000  and  the  sujjply  is  obtained  from  springs  and  brought  by  gravity 
to  a  reservoir  having  a  capacity  of  about  20  000  000  galls.  The  pressure 
from  the  reservoir  is  sufficient  for  fire  jjurposes  Avithout  the  use  of 
engines  The  town  has  taken  a  great  interest  in  its  fire  company — the 
champion  fire  company  of  the  State — and  the  result  of  this,  and  the 
excellent  water  supply,  is  that  the  fire  insurance  companies  have 
reduced  the  cost  of  insurance  to  the  minimum  rates,  which  is  apj)re- 
ciated  greatly  by  the  business  men. 

When  the  reservoir  was  built  a  waste  gate  was  provided,  and,  as  the 
supply  was  larger  than  the  demand,  a  great  deal  of  water  was  allowed 
to  run  to  waste.  Knowing  this,  the  people  naturally  became  extrava- 
gant. Everyone  used  as  much  as  he  wanted,  and  said,  "What  is  the 
use  of  saving  it?"  In  the  fall  of  the  year,  however,  the  springs,  gen- 
erally, run  low,  and  there  is  no  longer  a  surplus;  all  that  comes  to  the 
reservoir  is  needed.  Last  fall  all  the  water  was  drawn  out,  and  then 
Mr.  Owen's  scheme  of  shutting  off  the  su^sply  was  adopted,  which  was 
not  very  pleasant  for  those  having  lawns  or  for  those  who  had  been 
accustomed  to  having  the  streets  si>rinkled. 

A  severe  lesson  is  probably  needed  in  order  to  emphasize  the  neces- 
sity of  curtailing  waste.  If  a  fire  occurred  at  a  time  when  the  water 
supply  was  low,  the  fire  comjjany  would  be  unable  to  do  anything  and 
the  insurance  companies  might  put  up  the  rates  and  say,  "  You  have 
not  the  fire  protection  we  assumed  you  had  when  we  gave  you  low 
rates."     That  would  probably  make  an  effective  imj^ression. 

The  question  of  meters,  as  a  help  in  eliminating  water  waste,  is  no 
longer  in  dispute  by  engineers.  The  main  point  is  to  get  the  public  to 
appreciate  their  advantages.  Those  who  put  in  meters  in  this  town 
wanted  to  put  in  the  cheapest  they  could  get,  as  they  had  to  purchase 
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Mr.  Hum-  them.  The  town  should  furnish  the  meter,  keep  it  in  order,  and  charge 
p  reys.  ^^  annual  rental.  A  meter  should  be  put  in  wherever  there  is  a  water- 
closet,  but  in  the  i^oorer  houses,  having  only  one  spigot,  inspection 
alone  should  be  sufficient  to  check  waste. 
Mr.  Maignen.  J-  P-  A.  Maignen,  Assoc.  Am.  See.  C.  E. — There  is  a  point  which  the 
speaker  tried  to  raise  two  years  ago  at  the  Cape  May  Convention, 
which  has  not  yet  been  alluded  to  in  this  discussion,  and  which  he 
would  like  to  bring  forward  for  consideration.  A  double  supply 
exists  in  Paris.  One  is  plain,  tinfiltered  river  water  under  a  com- 
paratively low  pressure;  the  other  is  spring  water  and  filtered  water 
which  is  pumped  to  higher  reservoirs,  and  which  is,  therefore,  under 
greater  pressure. 

The  plain  river  water  is  sold  at  12  cents  per  thousand  gallons,  and 
the  spring  and  filtered  water  at  24  cents.  If,  on  account  of  its  pres- 
sure, anyone  wants  to  use  this  latter  water  for  elevators,  carriage 
washing,  industrial  or  other  base  purpose,  the  charge  is  48  cents  per 
thousand  gallons.  This  is  practically  a  fine  to  prevent  the  use  of 
sjjring  water  for  anything  but  dietary  or  other  noble  uses. 

Streets  are  washed  with  the  plain  river  water  from  hydrants  with 
a  hose  that  dehvers  enough  water  to  wash  all  the  dirt  into  the  sur- 
face sewers.  It  is  not  a  mere  sjarinkling,  which  leaves  the  mud  on  the 
streets,  it  is  a  thorough  wash-out.  It  is  evident  that  for  such  a  j^ur- 
pose  it  is  not  necessary  to  have  sterilized  water  or  any  great  pressure. 

It  has  been  stated  that  in  some  little  towns,  in  warm  weather,  the 
springs  do  not  give  enough  water.  Every  now  and  then  we  hear  that 
New  York  and  other  great  cities  are  threatened  with  water  famine. 
This  would  not  occur  if  the  best  water  were  confined  to  nobler  uses; 
common  water  being  used  for  street  washing,  lawn  sprinkling,  fire, 
industrial  and  other  indiflferent  uses;  the  better  water,  pumped  under 
a  higher  pressure,  being  reserved  for  house  use.  The  pipes  for  the 
purpose  would  probably  never  require  duplicating  or  replacing  by 
larger  ones,  as  the  population  tends,  not  to  increase  on  a  given  area, 
but  to  spread  itself  on  larger  areas;  the  population,  jjarticularly  with 
increased  conveying  facilities,  spreading  itself  farther  and  farther  into 
the  suburbs. 

On  the  contrary,  for  industrial  and  municipal  service,  the  needs 
may  outgrow  the  capacity  of  the  original  pipes.  In  that  case,  larger 
or  duplicate  pipes  may  be  installed  to  supply  the  increased  demand. 
Such  water  can  be  given  away,  practically  as  the  Philadelphians  want 
it,  free  like  air. 

In  some  towns  of  France,  along  the  coast,  where  pure  water  is 
scarce,  sea- water  is  used  for  washing  the  streets,  fire  extinguishing, 
etc.     The  same  has  been  done  in  several  American  towns. 

Where  the  jslain  water  is  very  roily,  it  might  be  subjected  to  a 
rough  kind  of  filtration  at  a  high  rate,  which  would  not  be  exjjensive. 
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It  certainly  seems  to  be  a  mistake  to  use  sterilized  water  for  all  pur-  Mr.  Maignen. 
poses,  particularly  witli  such  enormous  consumption  and  waste  as  is 
ciirrent  in  this  country. 

J.  N.  Chester,  M.  Am.  Soc.  C.  E. — Every  water-works  should  Mr.  Chester, 
have  an  income  sufficient  to  jsay  its  operating  expenses,  the  inter- 
est on  its  investment  and  an  additional  amount  sufficient  to  meet 
the  cost  of  administration,  whether  that  administration  is  by  the 
officers  of  a  j^rivate  corporation  or  by  the  mayor  and  council  of  a  city. 
The  rates  of  any  water  company,  whether  flat  or  by  meter,  should  be 
regulated  accordingly;  and,  while  the  speaker  heartily  agrees  with  all 
that  Mr.  Hering  and  Mr.  Herschel  have  said,  he  thinks  that  they  are 
at  variance  in  taking  the  revenue,  one  for  the  cost  of  supplying 
water  and  the  other  the  total  cost  of  operating  the  plant.  Others, 
also,  look  purely  ujjon  the  cost  of  pumjung  water,  and  not  on 
other  operating  expenses  and  the  interest  on  the  investment.  The 
speaker  does  not  believe,  however,  in  riding  the  horse  of  economy 
to  death,  which  may  be  done  by  too  rigid  metering.  A  few  years  ago 
a  striking  example  of  this  might  have  been  seen  in  two  suburbs  of 
New  York  City,  along  the  Sound.  In  one  every  tap  was  metered,  and 
in  the  other  vei'y  few  were  metered.  In  the  fully  metered  town  there 
were  a  few  very  wealthy  peojjle,  and  quite  a  number  in  moderate  cir- 
cumstances, but  in  that  town  there  were  very  few  well-kept  lawns 
except  those  of  the  wealthy  people;  the  poorer  class  and  those  in  ordi- 
nary circumstances  feeling  that  to  water  their  lawns  and  keep  them 
looking  well  was  a  burden.  In  the  town  where  water  was  sold  at  the 
flat  rate,  almost  everybody  sprinkled  their  lawns.  If  a  meter  is  put  on, 
of  course  the  waste  is  curtailed,  and,  on  the  other  hand,  in  cases 
where  the  charges  are  materially  changed  by  metering,  the  use  of  water 
for  certain  jjurposes  is  sometimes  curtailed.  At  the  ordinary  charge 
of  $(j  per  year  for  sprinkling  a  lawn,  if  the  lawn  be  of  any  size,  and 
the  street  in  front  be  kept  well  watered,  it  will  be  found  that  at  meter 
rates  considerably  more  than  .^6  worth  of  water  will  be  used  in  a  year. 
On  the  other  hand,  if  a  water-closet  is  metered  and  is  kept  from  leak- 
ing, it  will  be  found  that  it  uses  scarcely  more  than  '$2  worth,  though, 
with  the  exception  of  the  lawn  sprinkler,  the  water-closet  is  believed  to 
be  the  source  of  greatest  waste.  A  striking  example  of  that  occurred  in 
Shreveport,  La.,  not  long  ago,  where  a  negro  cabin,  in  which  the  only 
fixture  was  a  water-closet,  was  metered.  In  this  cabin  one  dollar's 
worth  of  water  a  day,  at  30  cents  per  thousand  gallons,  was  being  used. 
That  case  is  not  exceptional. 

The  speaker  thinks  that  the  question  of  metering  is  largely  one  of 
locality.  In  some  of  the  western  cities  if  meters  were  adopted  generally 
the  lawus  would  be  almost  ruined.  In  places  where  nothing  but 
alfalfa  will  grow,  and  that  only  by  irrigation,  and  where  the  inhabi- 
tants are  poor,  it  would  be  ruinous  to  put  in  meters. 
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It  lias  been  shown  that  to  a  certain  extent  metering  will  curtail  the 
waste,  and  beyond  that  there  is  very  little  saving  in  consumption. 
That  is  the  case  in  most  places,  and  it  is  found  that  metering  factories, 
saloons,  hotels,  livery  stables  and  such  places  will  stop  the-  greater 
jjart  of  the  waste,  and  that  in  most  of  our  northern  cities  the  consump- 
tion will  not  be  excessive,  but  can  be  kept  below  100  galls,  per  head, 
which  is  looked  tipon  as  an  economical  consumption. 

Tables  made  up  miscellaneously  are  misleading.  Take,  for  in- 
stance, the  case  of  Birmingham,  Ala.,  where  the  supply  to  three 
industries  is  more  than  the  consumption  of  that  city  would  be  at  100 
galls,  per  head.  The  consumption  in  such  a  place  cannot  be  compared 
with  that  of  other  places,  and,  while  all  the  industrial  establishments, 
saloons,  livery  stables,  etc.,  are  metered,  the  consumption  is  higher 
than  that  of  any  city  supplied  by  the  speaker's  comjiany. 

There  is  a  difference  in  the  consumption  in  northern  and  southern 
cities.  The  colored  citizen  is  not  an  extensive  user  of  water,  but  he  is 
an  extensive  waster.  He  seldom  sprinkles  his  lawn,  and  does  not  care 
how  dusty  it  is  in  front  of  his  cabin.  He  is  not  noted  for  cleanliness, 
and  never  has  a  bath  tub.  Ordinarily,  he  only  wants  water  in  his 
house  when  the  sanitary  regulations  of  the  city  require  him  to  put  it 
in.  The  case  of  Shrevejjort,  La.,  might  be  cited  again  as  an  example. 
In  that  city  an  ordinance  compels  every  citizen  within  320  ft.  of  a 
sewer  and  water  main  to  put  in  a  connection.  Of  the  population  of 
that  city,  60%  are  colored.  There  is  scarcely  one  of  the  colored  jjopu- 
lation  who  utilizes  the  water  or  puts  in  a  fixture  other  than  the  sf)igot 
which  he  is  entitled  to  if  he  puts  in  a  water-closet  and  a  connection 
thereto;  and  yet  that  town  shows  a  greater  waste  per  head  than  most 
cities  supi^lied  by  the  sjieaker's  company.  That  waste  is  determined 
by  the  minimum  pumpage  at  night.  The  speaker  has  always  said, 
and  especially  while  he  was  the  representative  of  a  pump  company, 
that  few  engineers  appreciate  the  variation  in  consumption  between 
the  hours  of  4  A.  m.  and  4  p.  m.,  and  between  the  ordinary  spring  and 
fall  months,  and  the  extreme  cold  weather;  that  is,  where  the  tem- 
perature, as  shown  by  Mr.  Williams'  diagrams,  ranges  between  freez- 
ing and  50°  Fahr.,  and  where  the  precipitation  is  about  uniform.  On 
assuming  charge  of  the  Shreveport  plant,  the  enormous  waste  was 
first  brought  to  the  speaker's  attention  by  the  fact  that  the  pumpage 
at  night  was  equal  to  that  in  the  daytime,  a  condition  which  existed  in 
no  other  plant  in  which  the  supjsly  was  direct,  or  through  a  stand-pipe, 
which  is  practically  direct  pressure.  That  brought  out  very  clearly 
the  fact  that  a  great  deal  of  water  vt^as  being  wasted,  and  an  insijec- 
tion  showed  that  it  occurred  mostly  among  the  poor  or  colored  fam- 
ilies, and  came  largely  from  the  water-closets.  The  jiroi^osal  to  put 
meters  upon  those  places  was  met  with  tremendous  resistance  by  the 
political  element,  or  the  city  government,  which  looked  to  those  col- 
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ored  people  for  votes  just  as  much  as  it  looked  to  the  white  element.  Mr.  Chester. 

One  councilman,  with  three  in  his  family,  and  with  a  house  and  lawn 

of  a  size  which  gave  him  a  rating  of  $80  per  year,  refused  to  vote  for 

an  ordinance  allowing  meters  to  be  put  in  miscellaneously  to  curtail 

waste,  saying  that  it  would  work  hardship  on  the  poorer  people,  and, 

while  he  felt  that  it  might  reduce  his  water  rent  from  $80  to  less  than 

$15,  he  must  decline  to  vote  for  the  ordinance  on  account  of  the  poorer 

peoi^le. 

OBEKiiiN  Smith,  M.  Am.  Soc.  C.  E. — One  point  does  not  seem  to  Mr.  Smith, 
have  been  brought  out  very  strongly,  and  that  is,  whether  it  would 
be  i^ossible,  and  if  so,  how  far  possible,  to  regulate  publicly  the 
quality  of  plumbing  fixtures.  It  is  admitted  that  many  of  them 
are  bad,  but  it  is  not  realized  how  bad  they  generally  are,  and  it  is  a 
question  whether,  by  proper  ordinances,  and  jjerhaps  by  having  a 
commission  in  charge  of  the  inspection  and  licensing  of  such  apj^a- 
ratus,  its  quality  might  not  be  improved,  and  only  good,  diirable,  per- 
manent apjsaratus  be  allowed.  This  is,  at  any  rate,  a  direction  in 
which  this  Society  and  the  Water-Works  Associations  might  move,  to 
some  extent.  Mr.  Herschel  has  spoken  very  disparagingly  of  pa- 
ternalism, but  the  sj^eaker  believes  in  it  in  some  cases — where  it 
does  good  and  where  money  is  to  be  made  by  it.  If  a  man  is  a 
good  father  and  has  a  bad  boy  he  gives  him  a  spanking,  and  there 
paternalism  is  a  very  good  thing. 

Public  regiilation  of  the  public  is  needed  to  a  greater  extent  than 
obtains  in  this  country  especially.  There  is  not  enough  of  it  in 
regard  to  many  things  of  a  public  nature;  and  allowing  anybody  to 
put  in  the  worst  and  most  unserviceable  plumbing  fixtures,  which  do 
not  get  any  regulation  afterward,  is  a  bad  thing,  and  there  should 
be  some  way  of  getting  an  improved  i^ractice,  gradually,  at  least,  if 
it  cannot  be  done  any  faster.  In  the  wash-basin  at  the  hotel  this 
morning,  the  speaker  found  a  stream  the  size  of  a  lead  pencil  run- 
ning, and  it  had  been  running  ever  since  yesterday  morning,  and 
the  morning  before.  On  attempting  to  shut  it  off  it  was  found  that 
the  tap  would  not  close.  This  is  hajipening  all  around  us;  streams 
of  water  are  running  uselessly  from  all  kinds  of  fixtures,  and  no  one 
seems  to  have  any  very  particular  charge  of  it.  Of  course,  the 
putting  in  of  meters  will  improve  the  behavior  of  consumers  in  this 
respect.  In  general,  there  is  no  doubt  that  meters  are  a  good  thing, 
although  there  are  cases  where,  as  Mr.  Hering  suggests,  they  will  not 
pay.  The  water  companies,  or  the  municipalities,  should  manage  and 
keep  in  good  order  the  whole  plant  as  a  jjlant,  as  has  been  men- 
tioned, including  the  meters  as  a  part  of  the  plant.  But  we  should 
deal  properly  with  the  consumer  and  sell  him  things  at  proper 
prices. 

One   of  the  points  which  shoiald  be    emphasized  particularly,  is 
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Mr.  Smith,  the  great  importaBce  of  checking  underground  waste  until  the  ideal 
system  of  the  future  comes— that  of  running  all  pipes  in  galleries 
where  they  will  be  accessible.  The  chief  remedy  that  has  here  been 
suggested  is  the  more  frequent  use  of  large  meters  in  the  mains,  and  the 
dividing  of  them  into  separate  sections,  so  as  to  trace  up  these  serious 
underground  escapes. 
Mr.  Harlow.  J.  H.  Hablow,  M.  Am.  Soc.  C.  E. — There  are  one  or  two  facts  which 
should  not  be  forgotten.  One  is,  that  water  is  to  be  provided  at  the 
lowest  rate  and  sold  at  some  price  which  will  justify  the  sale.  There 
is  no  free  water.  The  speaker  has  never  seen  it,  and  he  has  been  in 
the  business  for  thirty  years. 

On  the  question  of  the  introduction  of  meters,  a  company  with 
which  the  speaker  is  connected  recently  engaged  to  supply  two  small 
towns  in  which,  in  proportion  to  the  population,  or  to  the  takers,  an 
enormous  amount  of  water  was  used.  The  consumption  ran  from 
500  000  to  600  000  galls,  per  day,  and  the  rates  from  $12  to  $15  per 
year  for  a  house  of  the  ordinary  kind,  with  ordinary  fixtures  and 
conveniences. 

The  company  discussed  the  manner  in  which  meters  could  be  intro- 
duced without  antagonizing  the  consumers,  and  made  a  schedule 
which  brought  the  possible  rate  down  to  about  $6  jjer  year,  leaving 
the  taking  of  a  meter  optional  with  the  consumer.  Each  consumer 
was  to  pay  for  at  least  1  000  cu.  ft.  of  water  per  quarter,  and  the  com- 
pany was  to  furnish  the  meter  at  a  certain  rental,  or  the  consumer 
might  furnish  and  own  the  meter. 

The  result  has  been  that  within  a  year  the  consumption  has  been 
reduced  to  less  than  200  000  galls,  per  day,  and  the  profit  to  the  com- 
pany is  as  great  as  it  was  before,  while  the  expenses  are  much  less. 
It  is  doubtful  whether  the  consumers  in  these  towns  could  be  induced 
to  go  back  to  the  old  way. 
Mr.  Herschei.  Clemens  Hekschel,  M.  Am.  Soc.  C.  E. — This  is  a  subject  with 
which  the  speaker  has  grappled  in  a  practical  sort  of  way  for  some 
years,  not  exactly,  j^erhajas,  as  an  engineer,  but  as  a  wholesaler  of 
water.  There  are  certain  impressions,  and  a  certain  amount  of  ignor- 
ance in  the  public  mind,  which  a  society  like  this  should  endeavor  to 
remove.  There  is  not  so  much  necessity  for  the  education  of  the 
members  themselves,  for  they  all  are  pretty  well  posted.  It  was 
largely  for  this  reason  that,  finding  the  American  "Water- Works  Asso- 
ciation was  going  to  meet  in  New  York  this  year,  and  having  been  a 
member  of  that  Association  for  ten  years,  without  ever  having  seen 
them,  the  speaker  prej>ared  a  paper  on  this  subject  which  was  read 
before  that  Association  lately  in  New  York  City,  the  members  of  that 
Association  being  very  near  to  the  public  on  this  general  subject. 

The  speaker's  idea  of  consumption  is  that  it  is  composed  of  waste 
and  use;  his  idea  of  waste  is,  everything  that  is  np  stream  from  the 
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meter;  his  idea  of  use  is,  everytliing  that  the  consumer  chooses  to  pay  Mr.  Herschel. 
for.  The  speaker  does  not  believe  in  a  paternal  form  of  government; 
he  believes  that  the  average  shrewd  manufacturer  would  resent  gov- 
ernmental interference  with  his  business,  and  would  consider  that  he 
did  not  need  a  wet-nurse  to  tell  him  how  to  get  water  for  the  least 
money.  It  is  not  practicable  to  endeavor  to  teach  manufacturers,  un- 
less they  want  to  be  taught,  and  whenever  they  do  want  to  be  taught 
they  have  the  means  at  hand  by  consulting  the  profession.  There  is 
so  much  of  salient  evil  in  this  whole  matter  that  the  minutiae  of  the 
business  may  well  be  left  for  future  treatment.  Such  is  the  vast 
amount  of  water  wasted  up  stream  from  the  meter.  The  regular  idea, 
the  standard  notion,  prevailing,  not  only  in  the  public  mind,  but 
in  the  minds  of  civil  engineers,  is  that  a  leak  is  a  thing  that 
shows  on  the  surface;  and  if  it  does  not  show  on  the  surface  it  is  not 
only  out  of  sight,  but  also  out  of  mind.  There  was  a  reason  for  this, 
years  ago,  when  there  were  no  large  meters  built  for  large  jsipes. 
That  reason  no  longer  exists.  Such  a  meter  has  been  in  oj^eration  in 
a  9-ft.  pipe,  and  there  is  nothing  to  hinder  the  same  meter  from  work- 
ing in  a  tunnel  full  of  water— the  Niagara  tail-race  tunnel,  if  you 
please.  Such  meters  do  not  cost  very  much,  and  they  have  been  in 
practical  use  for  eight  years.  Anyone  who  has  never  tried  a  meter 
on  a  main  and  seen  what  it  reveals  to  him,  and  the  methods  and  helps 
it  reveals  to  him  in  his  business,  has  yet  a  great  many  pleasant  expe- 
riences before  him.  It  is  just  as  easy  to  put  a  meter  on  a  district  of 
a  city,  or  a  whole  city,  now,  as  it  has  been  for  the  last  twenty 
or  thirty  years  to  put  it  on  a  single  house.  Those  kinds  of  meters  are 
the  ones  by  the  use  of  which  it  is  possible  to  find  leaks  in  broken 
mains  and  in  service  pipes,  which  latter,  in  the  speaker's  opinion,  are 
the  greater  sinners  of  the  two  in  the  way  of  producing  Avaste  that  does 
not  show  on  the  surface.  It  is  the  easiest  thing  in  the  world  for  a  main 
to  be  broken  comijletely  and  run  a  fiill  stream  of  water  and  nobody  know 
anything  about  it  for  days  and  months  and  years.  There  was  a  case 
of  this  kind  in  Oambridgej^ort,  Mass.,  about  twenty  years  ago.  There 
the  streets  are  very  often  built  up  of  oyster  shells — or  used  to  be,  when 
oysters  were  more  plentiful  than  they  are  now — and  one  can  readily 
see  that  the  flow  from  a  6-in.  pipe,  under  a  moderate  presvsure,  such  as 
also  was  customary  then,  broken  oflf  in  a  dump  made  of  oyster  shells, 
would  never  show  on  the  surface.  Such  a  one  was  found,  and  it  had 
been  leaking  nobody  knew  how  long. 

It  is  the  same  with  service  pipes.  The  speaker  had  a  little  expe- 
rience of  that  sort  in  his  own  yard.  There  is  a  barn  about  150  ft. 
from  his  house,  and  an  extraordinary  consumption  of  water  led  to  an 
investigation  by  the  water  company,  which  showed  that  the  whole 
house  supply  could  be  shut  oflf,  but  as  long  as  the  jiipe  leading  to  the 
barn  was  open,  a  large  quantity  of  water — it  amounted  to  about  $36  a 
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Mr.  Herschel.  year — went  in  the  direction  of  the  barn  all  the  time,  as  shown  by  a 
close  observation  of  the  meter.  The  flow  through  the  meter  was  uni- 
form, and  yet  no  water  had  ever  shown  on  the  surface  of  the  ground. 
The  reason  was  that  the  pipe  was  like  a  sieve  throughout  its  whole 
length;  and  the  point  to  be  brought  out  about  this  pipe — it  was  a 
galvanized  iron  pipe,  had  been  down  about  15  years — is,  that  had  it 
not  been  for  the  meter,  it  never  would  have  been  possible  to  suspect 
or  find  the  leak.  This  is  a  single  case.  Imagine,  now,  a  city  like  New 
York,  and  managed  in  the  same  way — imagine  the  many  service  pipes 
there,  which  are  probably  doing  the  same  thing,  it  being  remem- 
bered that  New  York,  for  a  very  large  part  of  its  surface,  is  built  on 
very  coarse  sand.  Apply  the  lesson  to  almost  any  city,  and  it  will 
teach  the  same  thing. 

The  same  example  teaches  another  lesson.  As  many  probably 
know,  the  last  eleven  years  of  the  speaker's  life  have  been  spent 
in  building  up  a  wholesale  dealer  in  water,  called  the  East  Jersey 
Water  Company.  It  sells  water  to  municipal  corjjorations  by  the  mil- 
lion gallons.  It  also  sells  water  to  what  is  called  the  Orange  Water 
Company  by  the  million  gallons.  The  Orange  Water  Company  did 
not  believe  in  meters  until  they  themselves  bought  by  meter,  and 
from  the  moment  they  bought  by  meter,  it  took  no  great  time  to  show 
them  that  tli'ey  would  better  sell  by  meter.  It  has  worked  the  same 
way  in  Bayonne,  N.  J.,  and  similarly  in  the  City  of  Newark,  which 
in  spite  of  its  great  growth  now  consumes  less  water  than  it  did  four 
years  ago.     It  will  work  the  same  way  anywhere. 

In  this  matter,  the  speaker  believes  in  appealing  to  human  nature, 
and  letting  the  results  work  out  for  themselves;  applying  business 
principles  to  what  is  a  business  operation.  The  furnishing  of  water 
costs  money  to  the  furnisher  or  seller,  and  if  he  will  deal  with  it  as 
other  commodities  are  dealt  with,  the  lesson  will  spread  to  other  con- 
sumers. Nothing  else  is  necessary,  certainly  not  at  the  present  time, 
when  the  gross  abuses  must  be  dealt  with  first. 

A  discussion  of  this  sort  would  be  very  incomplete  without  men- 
tion of  the  work  that  Mr.  Bailey,  of  Albany,  has  done  within  a  short 
time,  the  results  of  which  were  published  in  Engineering  News  of 
April  18th,  1901.  It  is  no  longer  a  subject  for  doubtful  premises  and 
of  theoretical  or  of  arithmetical  consideration  to  say  what  American 
cities  can  do  by  metering  water  to  the  consumers.  That  question  is 
settled,  at  least  in  its  general  outlines.  Mr.  Bailey  procured  the 
statistics  of  137  American  cities  and  found  that  the  average  consump- 
tion in  these  cities  was  137  galls,  per  consumer  j^er  day,  but  once  let 
50j?o  of  the  taps  be  metered,  and  this  consumption  reduces,  on  the 
average,  to  62  galls.  In  Mr.  Bailey's  table  the  cities  were  given  alpha- 
betically, but  in  Table  No.  2  twenty-four  of  these  cities  have  been 
arranged  in  their  order  of  least  consumption  per  consumer. 
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TABLE  No.  2. — Twenty-four  American  Cities,  Arranged  in  Order  mt.  Herschei. 
OF  Least  Consumption  per  Consumer. 


City. 


Woonsocket,  R.  I. 

Brockton,  Mass 

Fall  River,  Mass.. 
Sioux  City,  Iowa.. 

Quincy,  111 

Racine,  Wis 


Lexinerton,  Ky 

Des  Moines,  Iowa. 

Maiden,  Mass 

Utica,  N.  Y 

Providence,  R.  I. . . 
Topeka,  Kan 


Lawrence,  Mass. 


Covington,  Jiy 

Manchester,  N.  H. 

Dayton,  Ohio 

Kansas  City,  Mo. . , 
Peoria,  111 


Consum- 
ers, when 
known; 
other- 
wise pop- 
ulation. 


Taunton,  Mass... 

Newton,  Mass 

Lynn,  Mass 

St.  Paul,  Minn.... 
Worcester,  Mass. 
Salem,  Mass 


32  000 

35  000 
104  500 

33  111 

36  252 
29  102 

26  369 
62  139 
33  664 


57  200 
42  938 
56  987 
85  333 
163  752 
56  100 

26  100 
32  800 
73  000 
125  000 
113  000 
35  700 


Taps. 


2  347 

5  275 

6  943 

3  000 
2  700 

4  916 

1  500 

7  499 

6  426 

7  064 
21  566 

2  900 

5  926 
5  300 

5  500 

12  000 

13  000 

6  058 

4  502 

7  087 

12  577 
17  093 

13  392 
6  400 


Percent- 
age of 

taps  me- 
tered. 


91.01 
81.51 
94.25 
50.83 
48.15 
24.41 

99.47 
57.19 
45.67 
96.80 
82.60 
18.97 

74.01 
78.30 
67.27 
46.67 
40.00 


40.69 
84.68 
19.88 
28.15 
94.31 
2.81 


Consumption 
PER  Day. 


Per 
tap. 


398 
221 
548 
476 
611 
879 


541 
472 
636 
442 

? 
578 


Per 
consu- 
mer. 


The  average  amounts  to  about  400  galls,  j^er  tap.  Per  consumer,  it 
can  be  stated  that  it  should  be  about  60.  Anything  that  is  not  above 
'60  is  fair,  although  in  Providence,  R.  I.,  which  compares  very  well 
with  any  city  in  the  United  States  in  general  make-up,  a  city  of 
200  000  people,  a  manufacturing  city  with  water-works  more  than  25 
years  in  use,  the  consumption,  it  is  believed,  has  never  been  60  galls, 
from  the  beginning,  certainly  never  for  a  long  time  or  much  over 
60  galls  ,  and  is  now  54  galls. 

In  the  same  way,  in  Table  No.  3,  twenty-four  American  cities  are 
arranged  in  the  order  of  greatest  j^ercentage  of  taps  metered.  Such 
a  table,  of  course,  is  entirely  different  from  Table  No.  2,  but  is  instruc- 
tive. Bayonne,  N.  J.,  which  stands  at  the  head  of  this  list,  is  a  place 
of  comi^aratively  few  inhabitants,  and  when  works  like  those  of  the 
Standard  Oil  Company  locate  in  such  a  place,  they  overslaugh  the 
consumption  by  the  inhabitants,  and  in  this  particular  case,  they 
produce  a  consumption  fully  50%  greater  than  if  there  were  only 
the  ordinary  amount  of  manufacturing. 
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Mr.  Herschel.  TABLE  No.  3. — TwENTY-FouK  American  Cities,   Akeanged  in  Oeder 
OF  Greatest  Percentage  of  Taps  Metered. 


City. 


Bayonne,  N.  J 

Lexington,  Ky. . . 

Yonkers,  N.  Y 

Utica,  N.Y 

Worcester,  Mass. 
Fall  River,  Mass. , 


Atlanta,  Qa 

Woonsocket,  R.  I. 

Newton,  Mass 

Providence,  R.  I. . . 
Brockton,  Mass... 
Covington,  Ky. .. . 


Atlantic  City.  N.  J. 
Pawtucket,  R.  I.... 

Lawrence,  Mass 

Milwaukee,  Wis 

Manchester,  N.  H.. 
Des  Moines,  Iowa. . 


Lincoln,  Neb 

Fitch  burg,  Mass. 

Lowell,  Mass 

Sioux  City,  Iowa. 

Toledo,  Ohio 

Quincy,  111 


Consum- 
ers, when 
known, 
other- 
wise, 
popula- 
tion. 


33  722 
26  369 
45  000 

113  000 
104  500 

65  000 
32  000 
32  800 
187  300 
35  000 
42  938 

28  500 
80  000 
57  200 
300  000 
56  987 


25  000 
25  000 
94  000 


Taps. 


3  000 

1  500 

4  968 
7  064 

13  292 

6  943 

9  275 

2  347 

7  087 
21  566 

5  275 
5  300 

4  249 

8  293 

5  926 
41  485 

5  500 
7  499 

3  550 

4  437 
10  634 

3  000 

2  700 


Percent- 
age of 
taps 
metered, 


100.00 
99.47 
97.67 
96.80 
94.31 
94.25 

91.64 
91.01 
84.68 
82.60 
81.51 
78.30 

77.62 
76.80 
74.01 
67  59 
67.27 
57.19 

56.34 
54.70 
52.53 
50.83 
50.26 
48.15 


Consumption 
PER  Day. 


Per 
tap. 


730 
425 


294 
470 
221 
473 

537(?) 

541 

578 


Per 
con- 
sumer. 


In  such  a  matter  of  statistics  as  indicated  in  these  tables,  it  should 
be  emphasized  that  it  is  numbers  that  tells.  The  statistics  of  137 
cities  will  yield  a  true  lesson,  even  though  a  great  many  of  those 
statistics  may  be  found  faulty.  The  number  of  them  and  the  law  of 
averages  makes  their  resultant  lesson  true. 

The  speaker  has  had  no  such  experience  as  Mr.  Trautwine  has  recited. 
On  the  contrary,  he  knows  that  he  has  been  the  cause  of  several  cities 
or  companies  introducing  meters,  simply  by  selling  water  to  them  by 
meter.  That  is  all  that  is  necessary.  The  principle  involved  is  not  one 
of  science  at  all.  There  is  nothing  in  it  but  human  nature.  The  fact  is, 
no  individual  or  city  knows  or  thinks  what  it  is  doing,  or  can  know  or 
think,  until  the  water  is  measured,  both  coming  in  and  going  out,  and 
to  be  successful  the  lesson  must  be  made  to  apjjeal  to  the  pocket.  There 
has  been  a  vast  amount  of  nonsense  spoken  on  the  subject  of  meters  as 
instruments  of  punishment,  or  as  something  cruel  and  unusual,  and 
that  the  consumer  should  put  the  meter  in  or  pay  for  it  on  a  separate 
bill.  These  are  notions  in  which  we  have  grown  up.  Now,  what  is  a 
meter?  What  is  the  proper  object  of  a  meter?  Here  are  certain  fixed 
charges  that  must  be  met.     Let  the  season  be  hot  or  cold,  rain  or 
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shine,  those  fixed  charges  are  going  on,  and  have  to  be  met  at  the  end  Mr.  Herschel. 
of  the  year.  Who  is  to  pay  them?  They  should  be  equitably  dis- 
tributed among  the  beneficiaries.  The  cost  of  the  water,  at  the  ser- 
vice pipe  of  the  consumer,  let  it  be  what  it  will — and  ordinarily  this 
will  be  from  $50  to  $100  per  million  gallons — should  be  equitably 
distributed  among  the  consumers.  A  meter  is  nothing  more  than 
an  instrument  for  accomplishing  this  object,  and,  in  water-works 
operation,  the  question  as  to  whether  or  not  a  meter  should  be  put  in 
should  never  have  been  raised.  The  meter  should  have  been  consid- 
ered as  part  of  the  plant,  just  as  much  as  a  gas  meter  is  a  part  of  a 
gas  plant  or  an  electric  meter  part  of  an  electric  plant;  and  jirob- 
ably  the  question  never  would  have  come  up,  and  all  this  discus- 
sion never  would  have  been  had,  if  water  meters,  as  perfect  as  they  are 
to-day,  had  originally  been  on  hand.  The  speaker  thinks  that  is  the 
only  reason,  and  that  the  time  for  any  of  those  considerations  has  gone 
by.  Large  meters  and  small  meters  are  now  so  well  built — the  ordi- 
nary house  meter  is  a  marvel  of  good  construction,  durability  and 
cheapness— that  the  sjjeaker  does  not  think  the  question  with  regard 
to  them  would  ever  have  arisen  had  they  been  available  thirty  years 
ago  in  their  present  shape,  any  more  than  it  arose  with  regard  to  gas 
meters  or  electric  meters;  and  the  time  for  considering  them  as 
anything  else  than  part  of  the  plant  has  gone  by. 

But  the  greatest  benefit  that  the  method  herewith  described,  for 
enlisting  the  interest  of  every  member  of  a  community  in  the  requisite 
struggle  against  waste  of  water,  may  confer  on  that  community  is  to 
reduce  enormously  the  cost  of  the  water-works  themselves,  or  of  water- 
works extensions.  The  average  city  in  the  United  States  may  thus 
postj^one  the  necessity  of  an  impending  water-works  extension  some 
10  years.  In  the  case  of  a  city  known  to  the  speaker,  where  the  leak- 
age was  measured,  it  appeared  that  by  gradually  introducing  con- 
sumers' meters  and,  stopping  street  waste  until  the  conditions  now 
prevailing  at  Fall  Eiver,  Mass.,  had  been  attained,  that  city  could  get 
along  with  its  existing  water  suj^ply  for  51  years,  notwithstanding  its 
natural  growth  during  that  half  century.  On  the  other  hand,  if  mat- 
ters were  allowed  to  proceed  as  hitherto,  it  would  need  water-works 
extensions  within  a  year. 

Speaking  on  the  basis  of  an  educated  judgment  in  such  matters, 
the  speaker  estimates  that  Buffalo  could,  merely  by  repression  of  waste 
of  water,  do  without  water- works  extensions  for  30  or  40  years;  the 
Metropolitan  District  of  Massachusetts,  for  10  or  15  years;  Cincinnati, 
for  some  20  years;  and  in  that  proportion  elsewhere  in  the  United  States. 
There  is  no  reason  whatever,  except  a  neglect  properly  to  attend  to 
that  branch  of  water-works  administration  here  and  now  under  consid- 
eration, that  would  necessarily  make  any  one  of  the  named  cities 
consume  more  water  per  capita  than,  for  example.  Providence,  R.  I. 
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Mr.  Brooks.  Fred.  Brooks,  M.  Am.  Soc.  C.  E.  (by  letter). — An  example  of  small 
works  in  which  meters  have  been  successfully  applied  is  at  Reading, 
Mass.,  where  the  jsopulation  is  a  little  less  than  5  000,  the  water  hafe 
to  be  purified  as  well  as  pumped,  and  the  capacity  of  the  source  is  not 
greatly  above  present  needs.  About  800  meters  were  added,  at  a  cost 
of  nearly  $10  000,  with  the  result  of  bringing  the  year's  expenses  at 
the  pumjnng  station  below  those  of  a  previous  year,  selected  for  fair 
comparison,  by  about  $700.  It  was  estimated,  from  the  rate  of  increase 
in  the  demand  for  water  before  the  meters  were  put  in,  that,  without 
them,  an  additional  force  would  have  been  required  at  the  pumping 
station  for  150  days  in  the  year  at  $10  per  day,  amounting  to  $1  500," 
or  about  15%  of  the  cost  of  the  additional  meters.  The  particulars 
are  given  by  Superintendent  Lewis  M.  Bancroft,  in  the  Tenth  Annual 
Report  of  the  Water  Commissioners  of  the  town,  for  the  year  ending 
December  31st,  1899. 
Mr.  Brackett.  Dexter  Brackett,  M.  Am.  Soc.  C.  E. — The  point  referred  to  by 
Mr.  Kuichling,  that  the  recorded  consumption  is  often  much  greater 
than  the  actual  quantity  delivered  to  the  mains,  should  be  empha- 
sized. The  recorded  consumption  is  in  many  cases  calculated  from 
the  displacement  of  the  plungers  of  the  pumping  engines,  without 
making  sufficient  allowances  for  the  slip  or  loss  due  to  defective  valves 
and  worn  plungers.  When  pumping  machinery  is  new  and  in  good 
order,  the  slip  is  not  generally  more  than  2%  of  the  theoretical  dis- 
charge; but  an  engine  which  was  operated  for  several  months  with  a 
slip  of  nearly  50^^  came  under  the  personal  observation  of  the  speaker, 
and  it  is  probable  that  many  cases  exist  to-day  where  the  slip  exceeds 
10  per  cent. 

Quite  a  large  percentage  of  the  increase  in  the  consumption  of 
water  may  be  attributed  to  the  very  great  increase  in  the  number  of 
water  fixtures  j^er  capita,  as  well  as  to  the  design  of  the  fixtures  now 
in  general  use. 

Table  No.  4,  showing  the  number  of  fixtures  in  use  in  Boston  for  ten- 
year  periods  from  1870  to  1900,  with  the  2>ercentages  of  increases  and 
the  increase  in  jjopulation  and  consumption  during  the  same  periods, 
illustrates  very  forcibly  the  great  increase  in  the  conveniences  ofi'ered 
for  using  and  wasting  water. 

While  the  population  has  doubled,  the  number  of  water  fixtures  in 
use  has  increased  4^  times,  and  the  water-closets,  bath-tubs  and  wash- 
tubs  have  increased  from  5|  to  11^  times  the  number  thirty  years  ago. 
To-day,  water  fixtures  are  very  much  more  generally  used  in  the 
cheaper  class  of  houses  than  in  former  years,  and  the  fixtures  used 
are  very  often  of  inferior  quality,  and  for  that  reason  soon  become 
sources  of  waste. 

There  is  often  a  tendency  to  consider  all  the  increase  pe7'  capita  in 
consumption  as  j^reventable  waste,  but  it  must  be  remembered   that 
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new  uses  for  water  are  continually  arising,  and  although  the  use  may  Mr.  Brackett. 
be  a  luxury  rather  than  a  necessity,  it  is  one  which  the  engineer  must 
consider  as  legitimate. 

TABLE  No.  4. 


Mm 


O  (u 

PI 


Taps  and  sinks 

Bowls 

Bath-tubs 

Water-closets 

Urinals 

Wash-tubs 

Total  population.... 

Daily  average  con- 
sumption (million 
gallons) 

Fixtures  per  capita. 

Consumption  p  e  r 
capita 

Consumption  per 
fixture  


70  009 
25  652 
9  811 
28  227 
2  499 
9  615 


50.4 
86.9 
85.7 
102.9 


107.3 


105  309 
47  946 

18  220 
57  278 

4  126 

19  930 


38.6 

8315 
74.1 
22.4 
124.9 


145  943 

66  725 
33  431 
99  731 
5  052 
44  816 


58.6 
110.9 
57.7 
13.1 
150.9 


201360 
105  839 
70  521 
157  320 
5  714 
112  435 


145  813 

278  850 


73.4  252  809 
30.1  362  800 


62.758 
120.017 


30.000 
0.697 


118.7 


56.5 
23.6 


35.572     81 

0.88 

79.31 


6.53  189 


348.0 
101.1 


One  or  two  facts  will  illustrate  this  point: 

In  Boston  the  consumption  per  inhabitant  for  six  of  the  more 
imijortant  industrial  uses  in  1880  and  1890  is  shown  in  Table  No.  5, 
all  of  the  water  for  these  uses  being  metered: 

TABLE  No.  5. 


1880. 
GaUons. 

1890. 
Gallons. 

Steam  railroads 

1.78 
0.74 
0.31 

6;54 
0.95 

4.56 

Sugar  refineries           .                                                  

1.13 

0.33 

Electric  light  and  power 

0.97 

Breweries                                            .                           

1.22 

3.05 

4.32 

10.26 

This  increase,  of  about  6  galls,  per  capita  for  a  few  purposes,  is 
nearly  one-fifth  of  the  total  per  capita  increase  for  the  same  period. 

Again,  if  from  the  fifty  cities  of  the  United  States  having  the  larg- 
est population  are  selected  those  where  more  than  40%^  of  the  taps 
were  metered  in  the  year  1900,  it  is  found  that  all  but  two  of  them 
show  an  increase  in  consumption  pe?-  capita  during  the  past  ten  years, 
although  the  use  of  meters  has  been  largely  increased. 
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Mr.  Brackett.  The  sj^eaker  is  of  the  opinion  that  the  best  method  of  preventing 
waste  on  the  premises  of  the  water  taker  is  by  applying  water  meters 
and  charging  water  takers  for  the  actual  quantity  used.  The  time 
may  come  when  the  suggestion  of  Mr.  Kuiehling,  that  water  may  not 
be  supi^lied  under  any  condition  for  certain  purposes,  may  be  carried 
out,  but,  so  long  as  the  present  enormous  waste  continues,  the 
speaker  believes  that  the  payment  for  water  used,  as  determined  by 
meter  measurement,  will  sufficiently  restrict  the  waste. 

Although  engineers  and  water-works  officials  are  now  almost,  if 
not  quite,  unanimously  in  favor  of  furnishing  water  by  meter  measure- 
ment, the  water  takers  in  many  cities  have  yet  to  learn  that  it  is  for 
their  benefit  to  pay  for  the  actual  quantity  of  water  used,  and  it  is  the 
province  of  the  engineer  to  educate  i^ublic  opinion  and  to  encourage 
he  gradual  introduction  of  meters,  rather  than  to  attempt  to  force 
their  use  upon  an  unwilling  jjublic. 

TABLE  No.  6. 


Percentage  cp 
Taps  Meterbd. 

Gallons  per  Capita 
Consumption. 

1890. 

1900 

1890. 

1900. 

74.6 

89  .'6 
62.8 
31.9 
9.4 
32.9 
14.6 
3.8 
0.8 

94.3 
94.3 
91.6 
82.6 
67.6 
50.3 
52.5 
47.3 
46.7 
41.5 

31 
59 
36 
48 

110 
72 
66 
68 
47 

146 

Atlanta 

Providence      ...         .... 

54 

Milwaukee 

Toledo 

119 

Lowell 

85 

Dayton 

62 

Nashville 

40.0 

66.8 

68 

83 

Mr.  Christian.  G.  L.  CHRISTIAN,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — For  several 
years  the  writer  resided  in  a  house  where  the  water  was  metered.  The 
house  contained  nine  persons,  five  of  whom  were  adults  and  four  were 
small  children.  The  house  had  all  the  modern  improvements,  and 
stood  on  a  lot  55  ft.  wide  and  100  ft.  deep.  There  was  a  sewer  in  the 
street,  and  the  water  pressure  was  about  50  lbs.  per  square  inch.  All 
the  laundry  work  was  done  in  the  house,  and  a  hose  was  used  to  water 
the  garden  and  lawn  when  necessary. 

In  the  mornings,  before  any  water  was  drawn  for  use,  it  was 
allowed  to  run  long  enough  to  allow  the  escape  of  the  water  which  had 
stood  in  the  house  pipes  all  night,  and  in  hot  weather,  before  drawing 
any  for  drinking  purposes,  it  was  allowed  to  run  until  it  was  as  cool 
as  it  would  get.     All  the  water  needed  was  used,  without  considering 
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the  cost,  as  the  water  bill  was  paid  by  the  owner  of  the  house.  Mr.  Christian. 
Although  it  was  used  lavishly  when  needed,  waste  was  curtailed  to  a 
minimum  by  having  the  plumbing  fixtures  always  in  good  order,  and 
not  allowing  the  water  to  run  all  night  in  cold  weather  to  avoid 
freezing,  that  not  being  necessary,  as  the  plumbing  was  well  pro- 
tected and  the  house  well  built. 

The  writer  became  interested  in  the  matter  of  the  water  consumed 
in  the  house,  and,  upon  examining  the  records  in  the  oflSce  of  the 
Board  of  Water  Commissioners,  was  surprised  to  learn  that  at  no 
time  during  the  previous  three  years  did  the  consumption  exceed  17 
galls,  per  capita. 

Substantially,  all  the  water  consumed  in  Yonkers,  N.  Y.,  is  metered, 
and,  according  to  the  annual  report  of  the  Board  of  Water  Commis- 
sioners for  the  year  1897,  there  passed  through  all  the  meters,  for 
domestic  use,  278  984  470  galls.,  or  22.07%  of  the  water  pumped, 
as  measured  by  plunger  displacement;  which,  divided  by  34  000 
— the  estimated  population  using  the  water— gives  22.5  galls,  per 
capita. 

During  the  same  year  there  passed  through  manufacturers'  meters 
26.83%  of  the  water  pumped — equal  to  about  27.5  galls,  pe?-  capita — 
making  48.9%  accounted  for. 

The  annual  report  of  the  same  Board,  for  the  year  1900,  with 
45  000  estimated  consumers,  shows  a  per  capita  consumption  of  25 
galls,  as  passing  through  all  meters,  except  those  of  the  manufac- 
turers, and  the  amount  jjassing  through  the  latter  was  equal  to  a  con- 
sumption of  13.5  galls,  per  capita  ;  the  total  amount  passing  through 
all  meters  being  48.12%  of  the  amount  pumped.  The  other  51.88%  is 
partly  accounted  for  by  street  sprinkling,  construction  work,  flushing 
sewers,  fire  purposes,  the  unreliability  of  the  method  of  measuring 
— which  probably  records  a  little  more  than  is  actually  pumped — 
and  last,  but  not  least,  loss  from  leaks  m  the  mains  and  service  pipes. 

The  city  is  quite  a  manufacturing  center,  there  being  employed  in 
its  industries  probably  about  8  000  operatives,  of  whom  perhaps  25% 
are  skilled  mechanics. 

It  is  the  home  of  many  people  of  wealth,  and  has  many  miles  of 
beautiful  streets  lined  with  handsome  residences  and  well-kept  lawns, 
and  a  general  air  of  prosj^erity  pervades  the  city  as  a  whole. 

When  it  is  more  economical  to  restrict  waste  than  to  build  new 
works  or  enlarge  those  already  built,  the  writer  agrees  with  Mr. 
Herschel  that  all  water  used  should  be  measiired — not  only  when 
it  begins  its  journey  through  the  principal  main,  but  through  its 
various  travels — by  districting  the  city  and  metering  the  water  entering 
each  district;  and  then,  with  a  meter  on  every  tap,  the  location  of 
leaks  could  be  detected,  and  those  who  used  or  wasted  the  water  would 
pay  for  it. 
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Mr.  Christian.  It  would  seem  that  a  suj^ply  furnishing  60  galls,  per  capita  should 
be  ample  for  municipalities  which  have  no  manufactures  of  moment, 
providing  good  plumbing  is  required,  and  no  great  amount  of  leakage 
is  allowed  in  the  mains  or  service  pipes. 
Mr.  Croweli.  FosTER  CROWEiiL,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is 
greatly  interested  in  the  subject  of  the  proper  allowance  for  con- 
sumjition  of  water  and  the  adoption  of  practical  measures  to  reduce 
waste  in  public  water  supxilies.  With  Mr.  Desmond  FitzGerald,  he 
believes  in  taking  every  reasonable  step  to  stop  needless  waste.  His 
own  investigations  lead  him  to  endorse  thoroughly  what  Mr.  Traut- 
wine  has  stated,  both  as  regards  the  enormous  extent  of  waste  now 
going  on  in  our  principal  cities  and  the  apparent  hopelessness  of  reach- 
ing the  public  ear  and  mind  in  the  effort  to  educate  the  community  in 
this  respect. 

In  1900  the  Engineering  Committee  of  the  Merchants'  Association 
of  New  York,  of  which  the  late  Thomas  C  Clarke,  Past-President, 
Am.  Soc.  C.  E.,  was  Chairman,  requested  the  writer  to  investigate 
and  report  upon  the  use  and  waste  of  water  m  the  Boroughs  of  Man- 
hattan and  the  Bronx  in  New  York  City.*  In  pursuit  of  that  duty 
he  had  sought  and  obtained  many  facts  relating  to  the  supplies  of 
water  actually  consumed  in  various  cities,  a  comparison  of  which 
convinced  him  of  the  fallacy  of  the  reasoning  that  is  so  often  heard, 
that  because  a  city  is  rich  and  prosperous,  therefore  it  will,  on  that 
account,  naturally  and  properly  need  a  larger  per  capita  supply  than 
smaller  places. 

It  is  true  that  among  individual  consumers  it  is  almost  invariably 
found  that  in  the  houses  of  the  wealthier  class  there  is  a  very  much 
greater  use  than  in  the  houses  of  the  poorer  class,  and  that,  as  the 
standard  of  living  is  raised  from  decade  to  decade  more  or  less  in 
every  class  of  people,  the  legitimate  average  per  capita  water  con- 
sumption also  increases;  yet  he  differs  from  the  general  conclusion, 
believing  that,  of  the  class  using  water  lavishly,  the  proportion 
may  actually  be  smaller  in  the  large  city  than  in  the  small  manu- 
facturing town.  An  unsuccessful  effort  has  been  made  to  determine 
the  actual  proportions  of  wage  earners  to  total  population  in  several 
cities,  for  comparison.  The  figures  of  the  United  States  census  of 
1900,  which  might  throw  light  on  this  contention,  are  not  yet  available, 
and  those  of  1890  are  of  little  service  at  this  date,  especially  as  a  form 
of  classification  which  would  bring  out  clearly  the  point  in  question 
has  not  been  used. 

In  the  absence  of  statistics  we  can  only  fall  back  upon  conjec- 
ture aided  by  analogy,  and  as  New  Y'^ork,  for  instance,  is  the  largest, 
or  one  of  the  largest,  manufacturing  centers  in  the  world,  is  said  to 

*"  An  Inquiry  into  the  Conditions  Relating  to  the  Water  Supply  of  the  City  of  New 
York,"  by  the  Merchants'  Association  of  New  York,  August,  1900,  page  187,  "The  Use 
and  Waste  of  Water  in  New  York  City,"  by  Foster  Croweli,  M.  Am.  Soc.  C.  E. 
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contaiu  more  wage  earners  and  to  have  a  far  denser  population  than  Mr.  Crowell. 
any  other  city  of  civilization,  it  cannot  be  admitted  that  it  is  a  city  of 
■wealth  and  luxury,  in  the  sense  in  which  the  term  has  been  used  in 
this  discussion. 

The  same  is  true,  in  a  measure,  of  Philadelphia,  though  not  to 
the  same  extent,  so  that  it  would  be  reasonable  to  exjaect  a  somewhat 
higher  average  per  capita  consumption  there  than  in  New  York, 
while  in  Washington  we  should  expect  to  find  a  much  higher  figure. 
The  comparisons  in  the  report  referred  to,  containing  the  evidence 
from  Fall  River,  Woonsocket,  etc.,  with  the  observed  facts  relating  to 
water  consumption  in  New  York  and  Philadelphia,  to  which  use  of 
such  figures  Mr.  Hering  appears  to  object,  were  for  the  jjurpose  of 
directing  attention  to  the  enormous  difference  in  the  quantities  of  water 
consumed  in  metered  and  unmetered  cities,  as  illustrated  by  those 
cases.  Here,  it  is  important  to  revert  to  the  fact  that  lavish  use  is  not 
necessarily  waste,  and  this  should  be  emphasized,  because  the  confu- 
sion between  these  terms  does  not  aj^pear  to  be  confined  to  laymen,  but 
seems  to  exist  also  in  the  quarter  where  we  should  least  expect  it,  the 
minds  of  many  engineers. 

It  is  also  well  to  understand  clearly  what  is  meant  by  the  term  '■'per 
capita,'''  which  is  only  used  here  because  it  is  a  term  of  convenience. 
It  is  used  variously,  and  generally  loosely.  Here,  it  is  meant  to  indi- 
cate the  proportional  part  of  the  water  supply  that  is  represented  by 
each  individual  in  the  entire  population  served  with  water  from  a  given 
sui^ply,  and  including  all  the  water  used,  for  whatever  purposes. 

The  writer  takes  exception  to  Mr.  Hering's  proposition,  that 
meters  should  be  omitted  in  houses  for  small  families  on  the  ground 
of  economy.  Because  it  may  cost  less  to  let  a  certain  amount  of 
water  go  to  waste  than  to  provide  means  for  checking  it  is  no  argu- 
ment when  the  community  is  largely  made  up  of  small  families, 
especially  as  there  is  no  likelihood  that  under  such  conditions,  either 
the  wastage  or  the  use  would  be  limited  to  the  certain  amount.  In 
the  writer's  judgment  the  use  of  meters  should  be  universal  and  lani- 
form;  they  should  be  owned  by  the  city,  or  water  company,  in  all 
cases.  In  cases  where  the  supi3ly  is  by  the  city,  a  certain  small 
fixed  allowance  should  not  be  charged  for,  though  measured  and 
taken  account  of.  Beyond  that,  the  meter  charges  should  api^ly  to 
all  water  consumed,  on  a  rate  schedule  decreasing  as  the  quantity  con- 
sumed increases. 

The  writer  would  join  with  others  in  their  protest  against  that 
ancient  fraud,  the  dictum  that  "  water  should  be  free  as  air."  It  can- 
not, in  the  nature  of  things,  be  made  free,  ergo  its  cost  should  be  re- 
duced to  the  minimum.  The  way  to  do  that  is  to  make  the  supply  go 
as  far  as  possible. 

Even  where  the  public  water  supply  is  cojiious  and  need  not  be 
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Mr.  Crowell.  stinted,  the  wasting  of  it  should  not  be  tolerated.  In  the  niirseiy 
we  were  taught  that  "  wilful  waste  makes  woeful  want,"  and  we 
should  not  lose  sight  of  the  fact  that  the  less  water  we  waste,  the 
more  we  can  use  at  the  same  cost,  or  the  less  that  which  we  do  use 
will  cost  us. 

It  makes  no  difference,  in  principle,  whether  wastage  is  due  to  de- 
fects in  the  distribution  system  or  carelessness  by  users;  in  either  case, 
or  in  both  cases,  it  should  be  stopped.  The  latter  case  is  the  easier  to 
deal  with,  for,  upon  the  introduction  of  meters,  as  the  writer  has  else- 
where stated : 

"  Every  householder  would  thereujaon  become  directly  interested 
in  the  reduction  of  the  waste,  and  the  inherent  trait  of  human  nature 
which  i^reviously  had  led  him  to  consider  that  the  more  water  he  used 
the  more  value  he  was  getting  back  from  his  taxes,  would  now  cause 
him  to  feel  concerned  lest  he  should  suffer  by  being  made  to  pay  for 
water  he  did  not  use.  That  is  the  experience  in  other  places  where 
meters  have  been  universally  applied,  and  to  a  greater  or  less  extent  is 
to  be  counted  upon." 

Mr.  FitzGerald's  shining  example  is  a  case  in  point. 

It  is  unfortunately  true  that  in  several  prominent  instances  engi- 
neers of  high  authority,  after  pointing  out  the  probability  that  tre- 
mendous waste  was  going  on,  lacked  the  courage  of  their  con- 
victions, and,  instead  of  urging  the  adoption  of  radical  means  for 
its  stoppage,  advised  that  sources  for  additional  supply  should  be 
provided,  thereby  increasing  the  oj^portunity  for  waste. 

"Undoubtedly,  the  legitimate  uses  of  water  will  increase,  both  in 
quantity  and  in  kind,  faster  than  the  increase  of  population.  It 
would  seem,  therefore,  right  and  prudent  for  every  city  to  make 
some  i^rovision  in  advance  for  the  supply  of  the  future,  even  ex- 
tending to  the  purchase  of  water-sheds  and  reservoir  sites  if  need 
be,  but  further  expenditure  for  new  water-works  is  not  justifiable 
until  the  point  is  reached  where  the  legitimate  use  approaches  the 
working  supply,  with  a  reasonable  margin  of  time  for  their  prepa- 
ration. 
Mr.  Sherman.  Chakles  W.  Sheeman,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— The 
writer  has  recently  compiled  a  series  of  tables,*  containing  more  or 
less  complete  statistics  relating  to  the  water-works  of  sixty-one  cities 
and  towns,  for  the  year  1900.  From  these  statistics  Table  No.  7  has 
been  prepared.  This  table  gives  statistics  relating  to  the  consump- 
tion of  water  and  use  of  meters  in  forty  cities  and  towns,  these  being 
all  for  which  sufficient  data  of  this  kind  were  available. 

A  part  of  this  information  is  reproduced  in  the  diagram.  Fig.  4, 
which  shows  for  each  town  the  relation  between  the  per  capita  consump- 
tion of  water  (per  consumer  where  given,  otherwise  per  inhabitant)  and 
the  percentage  of  services  metered. 

*  Published  in  the  Journal  of  the  New  England  Water- Works  Association,  for 
September,  1901. 
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Mr.  Sherman.  From  the  forty  points  on  the  diagram  two  groups  have  been  selected. 
Group  I  includes  all  the  places,  twelve  in  number,  having  more  than 
80^0  of  the  services  metered.  It  will  be  noted  that  the  range  of  con- 
sumption for  this  group  is  from  28  to  76,  or  48  galls,  per  head  per  day. 
Group  II  includes  the  13  places  having  less  than  2i)^^  of  their  taps 
metered,  and  in  this  group  the  range  of  consumption  is  from  52  to  174, 
or  122  galls,  per  head  per  day.  Taking,  as  mean  consumiation  for  each 
group,  the  average  between  the  highest  and  lowest  consumption  in  that 
group,  and  plotting  these  figures  as  corresponding  to  9:)  and  10°o  of 
services  metered,  resjjectively,  points  are  obtained  through  which  the 
line  A  B  has  been  drawn. 

TABLE  No.  7. — Consumption  and  Use  of  Water  in  Fokty  American 
Cities  and  Towns. 


Popu- 
lation, 

1900. 

Con- 
sumers, 
1900. 

Average  Consump- 
tion  OF   Water 
Gallons  per  DaY. 

1 

II 

a  03 

III 

Per  in- 
habitant. 

Per  con- 
sumer. 

6  813 
28  000 

2  780 
40  063 

18  800 
91886 
34  000 
52  733 

107  633 
31531 
11000 
37  175 
46  201 

9  300 
95  000 
73  600 

19  164 

13  609 

815  400 

■2b2  7i8" 

3  002 
62  500 
17  500 
33  587 

4  800 
187  297 

4  969 
62  059 
31006 
23  700 

8263 

5  072 

6  172 
5  001 

14  254 
32  500 

118  421 

60 
112 
20 
29 
46 
79 
87 
162 
35 

73 
37 
33 
81 
69 
6 
2 
2 
94 
55 
61 
11 
6 
21 
6 
51 
19 
94 
52 

8 
43 
25 

0 
15 

85 
63 
83 
91 
32 
41 
2 

100 
91 
47 
96 
2 
87 
94 

100 

Bay  City,  Mich 

16  000 
1230 
35  000 
18100 

196 
46 
33 

47 

21 

Billerica,  Mass 

19 

Brockton,  Mass 

Burlington,  Vt 

Cambridge,  Mass... 

51 
53 

87 

77 

34  000 

'104' 523" 

27  000 

87 

12 

Erie,  Pa          

18 

36 
103 

Fitchburg,  Mass  .... 
Geneva  N  Y. 

81 

61 
103 

23 
150 

83 

24 

Haverhill,  Mass  .... 

■■45  264" 

Holyoke,  Mass 

Ipswich,  Mass 

Keene,  N.  H 

105 

14 

17 

8  000 

174 

Lowell,  Mass       

72  128 
16  548 
11726 

65 
51 
42 

26 

Madison,  Wis 

44 
36 

116 
56 
93 
42 

101 
91 
62 
21 
54 
30 
88 
53 
90 
36 
47 
22 
12 
80 

Metropolitan  W.W., 
Mass        

Middleboro,  Mass... 
Minneapolis,  Minn  . . 
Nantucket,  Mass     . 

3  750 
95  000 

2  400 
55  000 
15  800 
32  800 

2  800 
187  297 

4  200 
48  200 
26  116 
23  250 

62 
198 
52 
115 
100 
64 
36 
54 
35 
114 
62 
92 

48 
19 

66 

New  Bedford,  Mass. 

23 

Newton,  Mass 

55 
43 

60 

86 

Providence,  R.  I 

Reading,  Mass 

Springfield,  Mass... 
Taunton,  Mass 

21 
37 
5 
56 
53 

31 

Waltham,  Mass. 

Ware,  Mass 

79 

Wellesley.  Mass 

Whitman,  Mass 

4  929 

48 

63 

28 

47 

10 

.......... 

■■32  666" 

113  217 

Woonsocket.  R.  I. 

29 

70 

48 

Yonkers,  N.  Y 

76 

1 
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Judging  from  these  figures  alone,  it  would  seem  that  this  line  Mr.  Shei-man. 
marks  a  fair  limit,  beyond  which  consumption  (including  waste)  may 
justly  be  considered  excessive.  This  line  would  give,  for  normal  con- 
sumj^tion,  44.5  galls,  per  head  daily  with  all  services  metered,  and  121 
galls,  w^here  no  meters  are  used.  Of  course,  generalizations  of  this 
kind  are  of  very  limited  apiilication,  and  must  be  used  only  with  the 
greatest  caution. 

The  statistics  of  Woonsocket,  Fall  River,  Brockton,  and  other 
places  are  frequently  quoted  as  showing  that  a  consiimption  (includ- 
ing waste)  in  excess  of  35  galls,  per  head  daily  is  excessive,  and,  by 
the  use  of  meters,  could,  i^erhaps,  be  reduced  to  that  amount.  The 
writer  believes  that  argument  to  be  ill  chosen,  as  all  the  cities  named 
are  manufacturing  centers,  containing  a  large  percentage  of  operatives' 
houses  or  tenements,  in  which  there  are  few  fixtures  and  in  which  the 
use  of  water  is  restricted.  In  his  opinion,  the  smallest  quantity  of 
water  which  will  be  consumed  in  dwellings  of  a  high  class,  where  the 
plumbing  is  carefully  looked  after  and  leaks  are  jjromptly  repaired, 
will  be,  generally,  not  less  than  35  galls,  per  head  per  day,  and  the 
average  quantity  used  in  such  houses  will  be  more  nearly  45  galls,  per 
head  jjer  day.  The  average  domestic  use  in  a  city  containing  all 
classes  of  houses  in  ordinary  proportions  would  then  probably  not  be 
less  than  30  galls,  per  head  per  day,  to  which  must  be  added  the 
quantity  used  for  tires  and  other  public  purijoses  and  the  leaks  in 
mains  and  services,  in  order  to  obtain  the  total  consumption  (includ- 
ing waste). 

This  opinion  regarding  the  legitimate  use  of  water  is  based  on  actual 
observations.  For  the  past  year  the  writer  has  taken  readings  of  the 
water  meter  in  his  house,  at  intervals  of  about  a  week,  and  has  taken 
great  care  to  have  no  leaky  fixtures  and  to  reduce  as  far  as  feasible  the 
unreasonable  drawing  of  water,  without  curtailing  its  proper  use.  His 
records  show  the  average  use  of  water  in  that  time  to  be  at  the  rate  of 
31.5  galls,  per  head  per  day,  the  weekly  average  ranging  from  21.2  in 
November  to  47.8  galls,  in  July.  A  friend,  similarly  situated,  has 
furnished  records  showing  that  in  his  house,  where  the  use  of  water  is 
somewhat  lavish,  but  w^here  leaks  are  not  tolerated,  the  consumption 
has  averaged  47.2  galls,  per  head  per  day  for  the  past  three  years,  the 
yearly  averages  being  49.5,  45.4  and  46.7  galls.,  resj)ectively. 

Other  interesting  dedtictions  can  be  made  from  such  data  as  are 
given  in  Table  No.  7.  For  instance,  if  the  j)ercentage  of  receipts  from 
metered  water  is  very  nearly  the  same  as  the  percentage  of  taps 
metered,  the  inference  would  be  that  the  unmetered  consumers  were  not 
making  an  excessive  use  of  water,  and  that  little,  if  any,  reduction  of 
consumption  (including  waste)  would  result  from  extending  the  use  of 
meters.  In  case,  however,  a  large  percentage  of  the  total  consump- 
tion is  used  by  a  few  consumers,  through  meters,  this  deduction  may 
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Mr.  Sherman,  not  be  warranted.  Again,  in  cases  where  90  to  100%  of  the  taps  are 
metered,  if  only  50  or  60%  of  the  consumption  is  accounted  for  by 
meters,  then  the  loss  from  leakage,  or  the  public  use  of  water,  or  both, 
must  be  very  great. 
Mr.  Kuichlin?.  E.  KuiCHLiNG,  M.  Am.  Soc.  C.  E.  (by  letter). — Several  points  of 
interest  have  been  brought  out  in  this  discussion,  although  the  prin- 
cipal feature  seems  to  be  the  unanimity  with  respect  to  the  desirability 
of  applying  meters  to  service  pipes.  By  this  agreement  a  very 
important  step  in  the  advancement  of  water- works  practice  may  be 
regarded  as  having  been  taken.  There  is,  however,  a  noticeable 
tendency  to  consider  the  meter  as  the  chief  agency  in  i^reventing 
waste,  and  to  regard  legitimate  use  as  "  everything  that  the  consumer 
chooses  to  pay  for."  The  writer  does  not  believe  that  this  proposition 
is  tenable  without  the  vital  qualification  that  such  use  shall  always 
be  reasonable;  and  the  determination  of  reasonable  allowance  for 
different  classes  of  consumers  appears  to  him  to  be  eminently  desirable 
in  the  premises. 

It  has  been  said  that  shrewd  manufacturers  do  not  require  to  be 
taught  how  to  get  their  water  supply  from  the  community  for  the 
least  money,  with  the  implication  that  they  are  the  best  judges  of 
their  own  needs.  While  this  may  be  true  in  some  instances,  it  can- 
not be  accejjted  as  a  general  statement,  inasmuch  as  enormous  differ- 
ences in  consumption,  in  establishments  of  equal  producing  capacity, 
are  encountered  on  every  side,  and  the  only  coincidence  of  judgment 
seems  to  be  to  have  a  great  abundance  of  water  at  hand.  Demands 
for  service  pipes  of  unnecessary  and  jDreposterous  magnitude  are  made 
so  often  that  it  is  a  conspicuous  exception  to  meet  an  applicant  who 
can  justify  his  estimate.  For  this  reason  the  water-works  superin- 
tendent should  know  the  necessities  of  the  different  consumers,  and 
be  able  to  adapt  the  size  of  the  service  pipes  thereto  in  a  rational 
manner.  Especially  is  this  the  case  when  the  water  supply  of  a  city 
has  reached  its  limit,  and  it  becomes  imperative  either  to  prevent 
useless  consumption  or  to  provide  new  works  at  large  expense. 

The  exercise  of  sound  knowledge  of  trade  requirements  in  pre- 
venting waste  cannot  jjroperly  be  characterized  as  "  j^aternalism  "  in 
municipal  government  or  water-works  administration,  and  no  officer 
should  be  deterred  by  the  sight  or  sound  of  the  objectionable  i^hrase 
from  acquiring  and  applying  such  knowledge  for  the  ultimate 
benefit  of  the  community  or  corporation  he  serves.  By  so  doing  he 
will  make  his  position  much  more  acceptable  to  the  public,  and  far 
less  mechanical  to  himself.  The  same  remark  is  equally  pertinent 
when  meters  are  used,  as  the  limitations  of  such  measuring  devices 
must  be  fully  understood  by  an  efficient  officer.  Several  references 
to  this  point  have  been  made  in  the  discussion,  and  to  emphasize  it 
somewhat  more  strongly,  the  following  instance  in  the  writer's 
experience  is  cited. 
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One  of  tlie  largest  water  eonsiiuiers  in  the  City  of  Eocbester,  N.  Y.,  Mr.  Kuichling. 
obtained  bis  supply  tbrougb  a  4-iu.  pipe  and  a  4-in.  meter,  and  for 
several  years  tbe  montbly  consumption  was  fairly  uniform.  It  tben 
decreased  abruptly  in  great  degree,  and  on  inquiring  for  tbe  reason 
tbe  answer  was  given  that  water  w'as  taken  from  another  source.  The 
meter  was  tested  in  place  under  relatively  large  flow,  and  found  to 
give  a  registration  of  about  S5%  of  the  observed  discbarge  into  a 
capacious  tank.  Further  investigation  disclosed  the  fact  that  the 
employees  of  the  consumer  were  still  using  the  city  water  as  freely  as 
before,  and  that  therefore  the  consumption  should  be  about  the  same, 
also  that  the  water  was  delivered  into  large  tanks  almost  continuously 
in  a  stream  of  moderate  size  without  appreciable  registration.  An 
accurate  new  meter  was  then  substituted  for  the  old  one,  with  the  i-esult 
that  the  registration  promptly  returned  to  its  former  magnitude.  On 
examining  the  old  meter  it  was  found  that,  owing  to  wear  of  j)arts, 
registration  of  discharge  occurred  only  at  large  flows,  as  aforesaid. 

The  foregoing  is  only  one  of  many  similar  cases,  in  the  writer's 
experience,  which  indicate  that  the  indiscriminate  use  of  meters  is  not 
an  infallible  remedy  for  the  prevention  of  waste,  and  that  a  water- 
works siiperintendent  should  possess  a  fairly  good  knowledge  of  a 
consumer's  legitimate  use  of  water,  as  well  as  of  the  various  ills  to 
which  his  own  measuring  devices  are  subject.  In  these  dii-ections 
there  is  still  room  for  many  valuable  additions  to  our  stock  of  infor- 
mation, and  it  is  hojied  that  in  future  discussions  such  may  be 
elicited. 

By  some  writers,  much  stress  is  laid  upon  average  figures  of  water 
consumption,  apparently  without  reference  to  local  trade  or  manu- 
facturing conditions.  Such  figures  are  often  illusory,  however,  when 
appHed  to  a  particular  case,  and,  when  covering  a  very  large  popu- 
lation, can  be  accepted  only  as  a  measure  of  domestic  use.  Thus, 
from  Mr.  Brackett's  valuable  contribution,  it  is  learned  that  while  the 
total  average  daily  consumption  per  cajnta  in  Boston  in  1880  was  82.7 
galls.,  the  use  of  water  by  six  of  the  more  important  industries  in  that 
city  amounted  to  only  4.3  galls,  per  capita  during  the  same  year;  and 
that  in  1890  the  figures  were  79.3  and  10.3  galls,  pet' capita,  respectively. 
Similar  low  jiroj^ortions  are  found  in  other  large  manufacturing  cities, 
although  in  some  smaller  towns  the  ratio  is  much  higher.  "With  the 
more  extensive  use  of  meters  in  our  country,  such  data  are  gradually 
becoming  available,  and  in  time  we  may  look  forward  to  a  much  better 
presentation  of  this  part  of  the  subject  than  is  now  possible. 

Those  who  are  interested  in  average  values  oi  per  capita  water  con- 
sumption wdll  find  some  useful  material  in  a  table  compiled  by  Allen 
Hazen,  M.   Am.   Soc.  C.   E.,  from  a  "Eeport  of  the  London  County 
Council."*      This  table  gives  the  population  and  use  of  water  in  36 
*  Published  in  Engineering  News,  February  16th,  1899,  p.  111. 
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Kuichling.  English  provincial  mxxnicipalities  for  tlie  years  1896  and  1897,  but  does 
not  inel.ude  London.  The  figures  of  consumption  are  all  expressed  in 
United  States  gallons. 

Arranged  according  to  population,  the  list  would  begin  with  Man- 
chester, having  a  population  of  899  093,  and  an  average  daily  water 
consumption  of  40  galls,  per  head,  and  end  with  Gloucester,  having  a 
population  of  43  000,  and  an  average  daily  consumption  of  21  galls, 
l^er  head.  According  to  consumption,  Middlesborough  would  head 
the  list  with  an  average  of  61  galls,  per  head,  while  Wigan  would  end 
it  with  only  20  galls,  per  head  i^er  day.  The  total  population  in  the 
36  cities  considered  is  7  145  669,  and  the  aggregate  daily  consumption 
is  238  174  154  galls.,  giving  an  average  of  33  galls,  per  head  per  day. 

A  somewhat  more  extensive  compilation*  of  similar  character  was 
made  by  the  writer  three  years  ago.  All  data  were  obtained  from  the 
best  available  sources  at  the  time.  The  general  results  obtained  are 
as  follows : 

In  100  American  cities  of  30  000  inhabitants  and  ujDward,  repre- 
senting a  total  iDopulation  of  16  582  100,  the  average  daily  consump- 
tion was  112  galls,  per  capita ;  in  cities  of  1  000  000  inhabitants  and 
over,  it  was  116  galls.;  in  cities  of  from  600  000  to  300  000  inhabitants, 
it  was  122  galls. ;  in  cities  of  from  300  000  to  100  000  inhabitants,  it 
was  106  galls. ;  in  cities  of  from  100  000  to  50  000  inhabitants,  it  was 
105  galls. ;  and  in  cities  of  from  50  000  to  30  000  inhabitants,  it  was 
also  105  galls.  The  total  quantity  of  water  consumed  per  day  by  said 
100  cities  was  1  863  248  300  galls. 

In  43  English,  Scotch  and  Irish  cities,  ranging  from  2  800  to 
4  263  300  inhabitants,  representing  a  total  population  of  9  616  400,  the 
average  daily  consumption  was  37.3  galls,  per  capita. 

In  66  German  cities,  ranging  from  16  400  to  1  122  300  inhabitants, 
representing  a  total  population  of  5  806  300,  the  average  daily  con- 
sumption was  21.2  ^allii.  pjer  capita  in  1884,  while  in  1896  it  was  23.8 
galls,  for  an  aggregate  population  of  3  352  400  in  14  large  cities. 

In  20  French  cities,  ranging  from  4  130  to  2  269  023  inhabitants, 
representing  a  total  population  of  3  677  286,  the  average  daily  con- 
sumption was  59  galls.  p)er  capita  in  1887. 

In  12  Italian  cities,  ranging  from  24  200  to  530  900  inhabitants, 
representing  a  total  poj)ulation  of  2  533  600,  the  average  daily  con- 
sumption was  67.6  galls,  per  capita  in  1892. 

In  23  Spanish,  Belgian,  Dutch,  Scandinavian,  Russian,  Austrian, 
Swiss  and  other  European  cities,  ranging  from  23  300  to  929  100 
inhabitants,  with  an  aggregate  population  of  5  590  300,  the  average 
daily  consumption  was  23.8  galls,  in  1883. 

In  12  Indian,   Australian,    Egyptian  and   South   American  cities, 

*  Published  in  the  Transactions  of  the  Association  of  Civil  Engineers  of  Cornell 

University,  for  1898. 
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ranging  from  30  000  to  773  200  iuliabitauts,  representing  a  total  popu-  Mr.  Kuichling. 
lation  of  2  884  900,  the  average  daily  consiiinption  was  23.4  galls,  per 
capita  in  1883. 


TABLE  No.  8. — Statistics  of  Water  Supply  of  Forty-three  German 
Cities  of  over   50  000  Inhabitants.     Abstracted  from   "  Statis- 

TISCHE  ZUSAMMENSTELLUNG     DER   BeTRIEBSERGEBNISSE   VON   WaSSER" 
CoiiOGNE,  1899. 
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Includes  river-water  supply. 
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48.6 
20.2 
21.2 

2419 
8.4 
71.0 
32.5 
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In  the  176  European  and  other  foreign  cities  mentioned  above,  the 
total  population  was  30  108  800,  and  the  average  daily  consumption 
was  35.6  galls,  per  capita;  and  combining  these  figures  with  those 
relating  to  the  said  100  American  cities,  will  give  a  total  of  46  690  900 
inhabitants,  consuming  on  the  average  62.8  galls,  of  water  per  head 
jaer  day.  The  figures  also  indicate  that  the  consumption  in  the 
American  cities  is  about  three  times  greater  than  that  in  the  Euroi^ean 
cities. 

With  respect  to  the  influence  of  meters  in  reducing  consumption 
or  waste,  little  need  be  added  to  the  excellent  statistical  work  per- 
formed by  Messrs.  George  I.  Bailey  and  Charles  W.  Sherman.  To 
supplement  the  same,  however,  Table  No.  8,  relating  to  43  German 
cities,  wherein  meters  are  used  more  or  less  extensively,  is  submitted 
as  a  matter  of  interest.  This  table  was  compiled  by  Allen  Hazen,  M. 
Am.  Soc.  C.  E.,  and  the  writer,  from  the  official  "  Eeport  of  the  German 
Association  of  Water- Works  Managers  "  for  1899,  and  needs  no  further 
explanation  than  is  given  by  the  column  headings.  It  may  also  be 
added  that  the  original  statistics  meutioned  are  in  great  detail,  and 
their  form  is  commended  for  use  by  similar  associations  in  other  parts 
of  the  world. 
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According  to  Table  No.  8  the  average  consumption  in  the  43  cities  Mr.  Kulchling. 
specified  is  29.4  galls,  per  head  per  day  for  an  aggi'egate  j^opnlation  of 
7  621  141,  and  of  this  quantity  61.6^^,  on  the  average,  is  metered.  It 
is  also  very  interesting  to  examine  the  figures  given  in  Columns  7  and 
8,  relating  to  the  i^ercentages  of  the  supply  which  are  respectively 
estimated  and  not  accounted  for.  In  the  former  the  range  is  from  0.0 
to  88. 4%^,  with  an  average  of  29.3%";  while  in  the  latter  the  range  is 
from  0.1  to  28.0%,  with  an  average  of  12.2%  for  41  cities.  Those  who 
have  had  charge  of  the  water  supply  of  a  city  of  50  000  or  more  in- 
habitants in  our  own  country  will  doubtless  look  with  much  suspicion 
upon  the  accuracy  of  so  small  an  amount  as  0.1%  unaccounted  for 
when  49.9%  is  estimated,  as  in  the  case  of  Kiinigsberg — No.  8  in  the 
list.  Nevertheless,  the  figiires  taken  collectively  are  instructive, 
inasmuch  as  they  indicate  that  the  officers  in  charge  of  German  water- 
works have  adopted  a  closer  system  of  accounting  for  the  water  dis- 
tributed by  them  than  their  American  brethren. 

It  may  also  be  remarked  that  in  many  German  cities  manufacturers 
who  use  large  quantities  of  water  in  their  business  generally  provide 
themselves  with  an  independent  supply,  so  that  the  figures  given  in 
Table  No.  8  relate  mainly  to  the  domestic  consumption  and  the 
quantity  used  for  general  jaublic  purposes.  Furthermore,  the  number 
of  faucets  and  water  fixtiires  in  the  buildings  is  generally  much  smaller 
than  in  the  corresponding  classes  of  American  houses,  whereby  the 
waste  or  leakage  is  j)roportionally  reduced. 

The  quantity  not  accounted  for  may  perhaps  be  taken  as  the  leak- 
age of  the  distributing  system  and  the  "  slip  "  of  the  meters.  In  this 
event,  the  very  low  percentages  given  in  a  number  of  cases  are  prob- 
ably erroneous,  as  neither  their  meters  nor  their  methods  of  laying 
l^ipes  are  materially  better  than  our  own ;  and  if  the  loss  in  extensively 
metered  American  cities  cannot  be  kept  within  a  limit  of  10%,  it  is  fair 
to  infer  that  a  similar  loss  will  jjrevail  elsewhere.  On  this  point, 
however,  adequate  data  are  still  lacking,  and  it  is  hojjed  that  such  will 
be  supplied  by  water-works  officers  in  the  near  future. 
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THE  ANTECEDENTS  OF  THE  SEPTIC  TANK. 


By  Leonard  Metcalf,  Assoc.  M.  Am.  Soc.  C.  E. 
Peesented  Septembek  25th,  1901. 


WITH  DISCUSSION. 

In  these  days  of  rapid  development  in  the  science  of  bacteriology 
and  its  many  practical  applications  to  the  arts,  the  subject  of  the 
bacterial  purification  or  disposal  of  sewage  has  naturally  arrested  the 
attention  of  the  engineer. 

Certain  well-defined  jirinciples  are  already  recognized  and  gener- 
ally accepted;  for  the  rest,  it  is  as  is  to  be  exj^ected  in  any  new 
science,  for  theories  and  misconceptions  multiply  as  do  the  applica- 
tions to  new  and  untried  conditions. 

It  is  not,  however,  of  the  principles  of  the  bacterial  and  septic 
tank  treatment  of  sewage  that  the  writer  purposes  to  treat,  but  rather 
of  its  evolution  and  of  the  antecedents  of  the  so-called  septic  tank  in 
their  bearing  upon  and  relation  to  the  collateral  patent  question  and 
the  very  broad  and  far-reaching  claims  being  made  in  certain  cases 
under  them.  Indeed,  the  writer's  attention  was  first  drawn  to  this 
subject  by  the  claims — in  his  judgment  unwarranted— for  infringe- 
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ment  of  patent  rights  in  the  construction  of  a  sewage  disi^osal  jjlant 
designed  by  him  for  a  large  manufacturing  company  in  New  England. 
Since  that  time  various  claims  for  infringement  in  recently  designed 
or  constructed  works  have  been  made  in  different  parts  of  the 
country,  which  has  led  the  writer  to  present  at  this  time  a  portion  of 
the  data  gathered  by  him  in  his  own  studies,  in  the  hope  that  it  may 
be  of  some  service  to  brother  engineers. 

HiSTOBicAii  Sketch  of  Sewage  Disposal  Methods. 

One  is  surprised  to  note  of  how  comparatively  recent  origin  are  the 
various  methods  of  sewage  disposal  other  than  the  old  privy  and  cess- 
pool systems,  which  were  frequently  combined  with  agricultural 
disposal  of  the  wastes.  Indeed,  most  of  the  systems  have  been  devel- 
oped since  the  middle  of  the  nineteenth  century. 

The  privy  was  followed  by  the  pail  system  and  the  cesspool;  and 
then  the  cesspool  from  which  the  settled  liquid  was  decanted  to  the 
sewers  or  upon  land. 

Next  came  the  water-carriage  system  and  the  bitter  war  between 
the  advocates  of  the  tout  a  Vegoxt,  and  those  advocating  the  primary 
separation  of  the  solids  before  discharge  into  the  sewer.  About  this 
time  the  Liernur  system  was  also  more  or  less  in  vogue  in  certain  parts 
of  the  Continent,  though  it  never  gained  much  recognition  in  Gi'eat 
Britain. 

Chemical  precipitation  was  next  developed,  along,  and  in  many 
cases  combined,  with  sand  filtration  and  broad  irrigation;  then 
storage  and  intermittent  filtration,  so  carefully  sttidied  by  the  Massa- 
chusetts State  Board  of  Health;  and  finally,  within  the  last  decade, 
the  bacterial  treatment  of  sewage,  under  which  may  be  included  the 
septic  tank  system;  the  septic  tank  system  followed  by  intermittent 
filtration;  the  contact  bed  system — single,  double  or  treble — and  the 
various  bacterial  methods  making  use  of  the  principles  of  bacterial 
contact  in  diverse  ways,  with  or  without  such  minor  modifications  as 
primary  sedimentation,  passing  through  roughing- filters  or  strainers, 
aeration,  etc. 

In  London,*  for  instance,  cesspools  were  in  general  use  until  1847; 
thereafter,  water-closets,  with  a  sewerage  system  discharging  directly 

*  "  Public  Health  and  Its  Applications  in  Different  European  Countries,"  by  Albert 
Palmberg,  M.D.,  translated  from  the  French  by  Arthur  Newsholme,  M.D.  1893.  Also 
Minutes  of  Proceedings,  Institution  of  Civil  Engineers. 
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into  the  Thames,  until  1859,  when  Bazalgette's  plan  was  adoj^ted  and 
put  under  way.  It  was  not  until  1865,  however,  that  the  latter  system 
was  finished  in  its  essential  parts — comprising  an  intercei^ting  sewer 
with  storage  tanks,  discharging  on  the  ebb-tide  only — while  the  inter- 
cepting sewer  on  the  north  side  of  the  Thames  was  not  begun  until  ten 
years  later. 

So,  too,  in  Paris,  the  water-carriage  system,  with  final  disjiosal  of 
the  sewage  by  irrigation,  was  very  slow  in  gaining  general  favor.  Prob- 
ably nowhere  was  the  cesspool  or  tank  system  so  carefully  studied  and 
fully  develojjed  as  at  Paris,  for  which  reason  it  may  be  of  advantage 
here  to  allude  to  its  various  steps  a  little  more  fully. 

In  1820,  Paris*  "made  the  fatal  mistake  of  insisting,  by  ordinance, 
uj^on  the  use  of  cessjjools,"  and  for  twenty  years  thereafter  such 
sewers  as  were  built  received  only  the  decanted  liquid  or  overflow  from 
these  cessijools.  As  late  as  1854,  the  Prefect  of  the  Seinef  presented  a 
memoir  suggesting  two  jDossible  methods  of  sewage  disposal  for  Paris. 
The  first,  for  a  system  of  sewers  to  carry  the  solids  and  liquids  to  a 
distant  point  for  treatment;  the  second,  for  the  retention  of  the  solids 
and  the  discharge  of  the  liquid  only  into  the  sewers.  The  latter 
method  was  adopted,  and  the  execution  of  the  plans  was  begun  in 
1867.  ' '  Hardly  had  the  collectors  and  the  network  of  sewers  begun  to 
si^read,  under  the  direction  of  Belgrand,  than  the  iinettes  filtrantes  were 
put  into  use,"  say  MM.  Bechmann  and  Launay  in  their  valuable 
paper  on  "L'Etat  Actuel  de  I'Assainissement  de  Paris,  "j 

These  various  devices  for  separating  the  solid  from  the  liquid  por- 
tion of  the  wastes  are  interestingly  described  by  M.  A.  Mille,^  the /osses 
fixes,  from  which  the  matter  is  raised  by  metallic  vessels  or  vacuum 
pumps;  the  fosses  seches,  used  in  the  barracks;  the  tinettes  filtres  or 
-filtrantes,  which  permit  the  liquids  to  escape,  and  reduce  the  refuse  to 
one-fifth  part;  the  vidange  automatique,  invented  by  M.  Mouras  to  do 
away  with  the  necessity  for  even  periodic  removal  of  the  solids;  and 
all  those  other  devices  for  dividing  or  diluting  the  sewage,  which  did 
so  much  to  delay  the  adoption  of  the  water-carriage  system. 

*  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  Vol.  xxiv,  p.  318.  R. 
Rawlinson. 

+  "  Assainissement  des  figouts  et  des  Habitations,"  par  EugSne  Miotat,  Architecte 
Expert,  1881,  p.  14. 

t  Annates  des  Pants  et  Chausies,  Jan.-June,  1895,  pp.  257-327. 

§ "  Assainissement  des  Villes  par  L'Eau,  Les  figouts,  Les  Irrigations,"  par  M.  A. 
Mille;  and  '•  Fosses  d'Aisances,  Latrines,  Urinoirs,  et  Vidanges.  Historique,  Construc- 
tion," etc.    F.  Liger,  1875. 
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The  very  general  use  of  these  devices  is  indicated  by  the  fact*  that: 
"There   are  (1878)  about  70  000  houses  in  Paris,  of  which  only 
62  OOO  are  registered  as  having  some  description  of  night-soil  service. 
These  comprise  f oui*  systems : 

Number. 

"  First. — Water-tight  cesspools  built  in  masonry 86  000 

Second. — Removable  receptacles    {fosses  mobiles  ordi- 

naires),  or  wooden  barrels 17  450 

Third. — Movable  receptacles  [appareils  diviseurs),  in 
which  the  liquid  portion  only  filters  into 
the  cessjiools,  having  no  connection  with 

the  sewer 10  770 

Fourth. — Movable  rece2)tacles  {tinettesfiltres),  in  which 
the  liquid  portion  only  filters  into  the 
sewers 10  000 

124  220  " 


In  1880,  however,  in  consequence  of  the  experiments  upon  the 
purification  of  sewage,  began  at  Clichy,  by  MM.  Mille  and  A. 
Durande-Claye  in  1868,  and  carried  on  by  them  with  such  signal 
success,  and  when  the  use  of  the  tinettes  filtrantes  had  been  more  or 
less  proscribed,  "the  administration  jiroposed  the  discharge  of  all 
sewage  direct  into  the  sewers,  and  the  abolition  of  all  fixed  or  movable 
cesspools,  "t  This  was  adopted  in  the  session  of  June  23d,  1880,  and 
"  the  law  contained  in  it  the  germs  of  the  princijDles  which  were  finally 
consecrated  in  the  law  of  Jiily  10th,  1884." 

About  this  time  the  Technical  Commission  of  1882,  on  the  Drainage 
of  Paris,  condemned  the  iise  of  the  various  devices  for  separating  the 
solid  from  the  liquid  portion  of  the  sewage,  and  advocated  the  tout  a 
Vegout  system. 

"  The  Commission  did  not  admit  that  it  was  ever  necessary  to  keep 
in  the  house  a  place  where  the  products  of  daily  life  could  ferment," 
and  therefore  expressed  itself  as  seeing  ' '  in  these  last  efforts,  which  aim 
to  simplify  the  fosses  fixes,  the  hypocrisy  of  the  tout  a  Vegout  without 
its  advantages.  They  take  nothing  from  the  underground  flow,  and, 
when  all  is  said,  do  not  avoid  the  deposits  in  the  cesspools.  "J 

*  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  Vol.  liii,  1878,  p.  201;  "On 
the  Main  Drainage  of  Paris  and  the  Utilisation  of  its  Sewage,"  by  Felix  Target. 

t  "L'fitat  Actuel  de  rAssainissement  de  Paris,"  par  MM.  Bechmann  et  Launay 
pp.  257-327,  in  Annales  des  Fonts  et  Chaussees,  Jan. -June,  1895. 

+  See  also  Annales  des  Fonts  et  C/ia  M.s.sc'e.s,  July,  1885;  '-Commission  Technique  de 
rAssainissement  de  Paris,"  par  M.  A.  Durande-Claye. 

See  also '•  Assainissement  des  Villes  par  L"Eau,  Les  Egouts,  et  Irrigations,"  par  M. 
A.  Mille. 
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Nevertheless,  these  devices  appear  to  have  served  their  purpose 
economically  and  efficiently  for  a  considerable  period  of  years,  as  is 
indicated  by  the  remarks  of  so  able  an  engineer  as  M.  A.  Durande- 
Olaye,  who,  in  an  address,  before  the  International  Congress  of  Hygiene 
at  Geneva,  upon  "  Vidanges  et  figouts,"  said  of  the  fosses  fixes,  "In 
spite  of  its  imperfections  and  dangers,  it  was  indeed  a  step  in  advance 
of  the  barbaric  depots  of  antiquity  and  the  middle  ages." 

On  February  28th,  1887,  a  law  was  passed  providing  for  turning  all 
matter  directly  into  the  public  sewers  within  certain  limited  districts, 
with  certain  restrictions. 

In  1886  a  commission  was  apjDointed  to  investigate  foreign  methods 
of  sewage  disposal,  and  on  April  4th,  1889,  was  i^assed  the  act  author- 
izing the  purchase  of  land  at  Acheres  for  irrigation  purposes.  Nothing 
definite  was  done,  however,  toward  securing  the  direct  discharge  of 
household  wastes  into  the  sewers  until  the  cholera  epidemic  of  1892, 
which  again  awakened  public  interest,  and  culminated  in  the  passage 
of  the  act  of  July  10th,  1894.  This  act,  say  MM.  Bechmann  and 
Launay,  "  constitutes  one  of  the  most  important  acts  in  the  history  of 
Paris  and  the  science  of  hygiene,  and  provided  for  the  modern  Paris 
sewage  disposal  plant."* 

It  will  thus  be  seen  that  the  water-carriage  system  and  i^urification 
by  irrigation  were  not  adopted  for  general  use  in  Paris  until  near  the 
close  of  the  last  century. 

To  the  student  of  septic  tank  sewage  treatment,  this  long  jDeriod  of 
use  and  development  of  the  fosses  in  Paris  is  full  of  significance  and 
interest. 

Genekaxi  Claims. 

Turning  now  from  the  broad  question  of  methods  of  sewage  dis- 
posal, let  us  glance  at  some  of  the  specific  claims  of  novelty  bearing 
U]3on  the  bacterial,  and  more  jDarticularly  the  so-called  septic,  treat- 
ment of  sewage,  recently  advanced. 

Claims  are  made  for  the  discovery,  or  at  least  for  novelty  in  the  ap- 
plication, of  the  following  principles  : 

Sedimentation ;  septic  or  anaerobic  bacterial  action  and  the  conditions 

*  See  Annales  des  Fonts  et  Chaussees,  January,  1895,  previously  referred  to. 
Also  -'Les  Travaux  Souterrains  de  Paris,"  181U-1878,  par  Eugene  Belgrand,  Vol.  5. 
Also  works  of  MM.  A.  Durande-Claye,  and  Eugene  Miotat,  previously  referred  to. 
Also  "  Les  SystSmes  d'Evacuation  des  Eaux  et  Immondices  d'une  Ville,"  par  C.  von 
Overbeck  de  Meijer. 
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developing  and  fostering  it;  aerobic  bacterial  action;  slow  flow  througli 
long  tanks  and  the  greater  uniformity  in  character  of  sewage  resulting 
therefrom;  alternate  use  of  settling,  decanting  or  bacterial  tanks,  or 
beds  filled  wath  certain  materials;  periods  of  contact  or  activity,  rest 
and  recuperation;  rapid  screening  through  coarse  materials;  aeration; 
and  doubtless  many  others. 

While,  under  the  devices,  novelty  is  claimed  in  the  use  of  :  Cov- 
ered, as  distinct  from  uncovered,  tanks;  artificial  ventilation  by  chim- 
ney or  otherwise;  special  shape  and  groui^ing  of  tanks;  form  of 
bottom;  submerged  inlet  and  outlet;  barriers  and  baffle-boards; 
aerating  weirs  or  steps;  and  many  alternating  devices  for  manipulat- 
ing gates,  regulating  period  of  inflow,  contact,  discharge  and  aeration 
of  the  beds,  etc. 

Discussion  or  Claims. 

Few  engineers  would  dispute  the  statement  that  the  bacterial  puri- 
fication of  sewage  is  far  better  understood  to-day  than  it  was  a  genera- 
tion ago;  yet  many — if  not  a  majority— of  the  engineers  who  have 
studied  the  question,  would  be  unwilling  to  allow  the  claim  of  novelty 
in  the  action  which  is  jn-oduced  in  the  septic  tank.  This  action  is 
essentially  a  natural  one,  a  process  of  Nature,  which  it  is  certainly 
difficult,  if  not  impossible,  to  prevent,  under  the  normal  conditions 
attending  storage  or  sedimentation  of  sewage. 

The  essential  difiference  between  the  old  cesspool  and  the  modern 
sej^tic  tank  appears  to  consist  in  the  period  of  contact  of  the  fresh  or 
stale  sewage  with  the  liquefying  action  of  the  anaerobic  bacteria  de- 
veloped and  contained  in  the  tank. 

In  the  first  cesspools,  this  period  of  contact  was  determined  by  the 
frequency  of  emptying  them;  in  the  later  ones,  provided  with  an  over- 
flow, by  their  relative  content  as  compared  with  the  volume  of  sewage 
to  be  disposed  of.  The  later  cesspools,  therefore — as,  for  instance, 
those  consisting  of  a  water-tight  chamber  discharging  its  overflow  into 
a  sewer,  leaching  cesspool  or  sub-surface  irrigation  system — did  not 
differ  essentially,  in  principle  at  least,  from  the  modern  septic  tank; 
for,  according  to  the  j^resent  theory,  a  limited  anaerobic  action  only  is 
desired,  sufficient  to  bring  about  the  hydrolysis  of  the  solids,  fats  and 
soaps  by  the  bacteria  or  their  enzymes,  as  Professor  Kinnicutt  has 
suggested. 
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Beyond  this  stage  of  liquefaction,  it  is  apparently  undesirable  to 
go,  for  prolonged  contact  results  in  the  formation  of  bacterial  wastes 
or  poisons,  making  the  further  purification  of  the  sewage  by  subse- 
quent nitrification  more  difficult,  or,  if  subsequent  purification  is  un- 
necessary, the  effluent  is  at  least  much  more  oflfensive  and  perhaps 
likely  to  undergo  secondary  putrefaction  when  disposed  of  by  dilution. 

The  bacterial  liquefaction  of  the  organic  matter  in  sewage  may  not 
have  been  fully  understood,  but  fermentation,  maceration  and  bacte- 
rial putrefaction  were  well  known  ui^ wards  of  fifteen  or  twenty  years 
ago. 

Thus  the  Mouras's  Automatic  Scavenger,  hereafter  referred  to,  was 
described  by  Abbe  Moigno,*  who  believed  that  in  the  liquefaction  of 
the  organic  matter,  ' '  The  solvent  action  of  sulphuretted  hydrogen  is 
called  into  play,  and  that  a  species  of  putrid  fermentation  is  set  up, 
which  effects  the  liquefaction  of  the  solid  faeces,"  while  the  abstractor 
closes  with  the  suggestion,  "  May  not  the  unseen  agents  be  those 
vibrions  or  anaerobies  which,  according  to  Pasteur,  are  destroyed  by 
oxygen,  and  only  manifest  their  activity  in  vessels  from  which  the 
air  is  excluded  ?" 

In  1883  the  late  Edward  S.  Philbrick,  M.  Am.  Soc.  C.  E.,  of  Boston, 
in  an  interesting  article  in  The  Engineering  Record,^  upon  the  Disposal 
of  Sewage  by  Sub-surface  Irrigation,  suggested  the  use  of  "  a  tank  or 
tight  cesspool  in  which  the  solid  particles  of  the  sewage  may  become 
macerated  and  finely  divided  by  fermentation  before  entering  the  dis- 
tribution pipes." 

In  1887  Mr.  Dibdin,  in  a  paper  on  Sewage  Precipitation  delivered 
before  the  Institution  of  Civil  Engineers,  observed  that: 

"  One  object  claimed  for  the  use  of  an  excessive  quantity  of  lime, 
and  also  for  some  other  substances,  is  that  they  destroyed  the  living 
organized  bodies,  such  as  bacteria,  etc.,  which  give  rise  to  the  phe- 
nomena known  as  i^utrefaction.  *  *  *  As  the  very  essence  of 
sewage  purification  is  the  ultimate  destruction,  or  resolution  into 
other  combinations,  of  the  undesirable  matters,  it  is  evident  that  an 
antiseptic  process  is  the  very  reverse  of  the  object  to  be  aimed  at," 
and  he  further  remarked  that,  "  Very  alkaline  effluents,  such  as  those 
jjroduced  by  the  use  of  lime  in  excessive  quantities,  are  very  liable  to 
jjutrefy  instead  of  becoming  purified  by  oxidizing  organisms. " 

As  regards  sedimentation  by  slow  flow  through  long  tanks,  and  the 

*  Cosmos  les  Mondes,  December,  1881,  and  January,  1883. 
t  The  Engineering  Record,  May  10th,  1883,  p.  530. 
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greater  uniformity  of  tlie  sewage  resulting  therefrom,  the  iise  of  baffle- 
boards,  deflecting  walls,  etc.,  the  principles  involved  have  long  been 
known  and  made  use  of — particularly  in  chemical  iDrecijiitation 
systems. 

Thus,  taking  several  examples  at  random,  Mr.  Henry  Austin,*  in 
his  interesting  preliminary  "  Report  of  the  Means  of  Deodorizing  and 
Utilizing  the  Sewage  of  Towns,"  suggested  means  (see  Plate  XI,  Fig.  1), 
for  more  effectually  "  separating  the  solid  portion  of  the  sewage  from 
the  water  in  which  it  is  conveyed." 

Professor  H.  Tanner,  in  his  discussion  of  the  vahiable  paper  by 
Mr.  Bazalgette  upon  "The  Sewage  Question,"  saystf 

"  *  *  *  the  engineer,  by  suitable  mechanical  arrangements, 
could  go  far  in  the  direction  of  separating  from  the  sewage  the  solid 
matter  which  it  contained,  and  he  could  thereby  greatly  lessen  the 
area  of  land  which  would  otherwise  be  necessary.  And  here  he  would 
draw  attention  to  the  importance  of  constructing  sewage  tanks  so  as 
to  facilitate  the  subsidence  of  the  solid  matter  of  the  sewage,  and  to 
one  modification  which  he  had  found  successful.  Tanks  constructed 
for  subsidence  purposes  should  provide  for  the  sewage  passing  through 
with  the  least  possible  agitation  to  the  bulk  of  sewage  which  was  there 
de^jositing  its  solid  matter.  By  constructing  a  barrier  across  the  tank, 
at  the  same  level  as  the  overflow  at  the  opi^osite  end,  thereby  forming 
a  small  jireliminary  compartment,  the  force  of  the  current  was  kept 
within  that  portion  of  the  tank,  and  the  passage  over  such  barrier  dis- 
placed an  equal  volume  quietly  at  the  overflow  outlet.  This  might  be 
assisted  by  additional  barriers,  some  raised  from  the  bottom  of  the 
tanks,  some  pendant  and  sinking  into  the  water  for  a  depth  of  from  6 
to  10  ins.  Tanks  thus  constructed  at  the  sewage  works  at  Barking  were 
fully  equal  to  three  times  as  much  work  as  they  had  previously  done. 
By  these  and  similar  arrangements  which  enabled  the  sewage  to  remain 
tranquil  whilst  subsidence  was  proceeding,  it  was  possible,  by 
mechanical  arrangements,  to  accomplish  much  which  would  otherwise 
devolve  upon  the  land.     *     *     *. " 

And  many  other  writers,  as  Mr.  Philbrick,  in  1883,  have  referred  to 
the  effect  of  tanks  in  "  equalizing  the  flow  of  sewage." 

Precedents  abound  for  the  use  of  roofs  or  covers,  as  well  as  of  arti- 
ficial means  either  for  producing  or  preventing  the  free  circulation  of 
air  in  sewage  tanks.  Climatic  conditions,  proximity  to  dwellings, 
convenience,  etc. ,  are  likely  to  be  the  controlling  factors  in  their  use 

*  London  Sewer  Reports,  1857,  p.  79. 

t  Minutes  of  Proceedings,  Institution  Civil  Engineers,  Vol.  xlix,  p.  181,  April,  1877, 
discussing  C.  N.  Bazalgette's  paper  in  Minutes  of  Proceedings,  Institution  of  Civil 
Engineers,  Vol.  xlviii,  pp.  143-248,  Feb.  6th,  1877. 
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oi"  disuse,  as  investigation  lias  seemed  to  indicate  that  the  bacterial 
(surface)  mat  is  itself  efficient  as  an  excluder  of  light  and  air. 

The  value  of  baffle-boards  and  barriers,  submerged  inlets  and  out- 
lets, in  securing  a  slow  and  regular  flow  through,  and  preventing  the 
formation  of  agitating  currents  in,  sewage  tanks,  has  already  been 
referred  to  under  the  head  of  sedimentation,  and  some  sjpecific  examples 
of  their  use  are  given  in  the  following  pages. 

Space  forbids  an  extended  discussion  of  the  validity  of  other 
claims  mentioned,  but,  doubtless,  certain  of  the  devices  for  manipulat- 
ing the  beds  and  their  appurtenances  are  novel  in  application,  if  not 
in  form. 

Illxjstkations  and  Precedents. 

The  following  examples,  arranged  in  chronological  order,  which 
have  come  to  the  writer  in  the  course  of  his  study  of  the  subject,  are 
given  as  illustrative  merely  of  the  principles  alluded  to,  but  without 
any  idea  of  their  being  comjjlete,  or  even  perhaps  the  best  examples 
on  record.  They  have  been  drawn  from  text  books  and  the  many 
engineering  journals  within  reach  of  the  engineer,  and  i^ublished  in 
this  country,  in  England  and  in  France.  Time  has,  unfortunately, 
prevented  a  search  of  continental  piiblications  other  than  those  of  the 
French  societies. 

Henry  Austin's  Parliamentary  Repo7't,  1852.* — In  an  interesting 
report  upon  the  sewerage  of  towns,  Mr.  Henry  Austin,  of  London,  then 
Chief  Superintending  Inspector  of  the  Board  of  Health,  made  some 
interesting  recommendations  for  "  An  arrangement  for  separating  the 
solid  portion  of  the  sewage  from  the  matter  in  which  it  is  conveyed, 
*  *  *  with  a  view  to  the  more  efficient  and  economical  working  of 
the  process;"  that  is,  for  primary  sedimentation  before  treatment  with 
lime  and  filtration. 

"  The  great  bulk  of  the  solid  matter,  when  the  sewage  comes  to 
comparative  rest  in  the  reservoir,  divides  itself  into  two  bodies';  the 
heavier  particles  at  once  deposit  themselves  at  the  bottom,  and  the 
lighter  portions  collect,  in  a  solid  floating  mass,  on  the  surface.  It 
appears  to  me  that  the  chief  proijortion  of  these  matters  may  be  inter- 
cepted in  the  first  tank.  A,  both  above  and  below,  without  a  filter,  by 
a  simple  division,  B,  with  basketwork  and  perforated  boards  in  the 

*"  Report  on  the  Means  of  Deodorizing  and  Utilizing  the  Sewage  of  Towns."  Ad- 
dressed to  the  Rt.  Hon.  Tlie  President  of  the  General  Board  of  Health,  Hon.  William 
Monsell,  M.  P.,  by  Henry  Austin,  C.  E..  London,  1857.  Presented  to  both  Houses  of  Par- 
liament. 
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middle,  allowing  tlie  water  to  pass  througli  only  at  a  cei-tain  depth 
beueatli  the  surface. 

"  The  second  tank  or  reservoir,  C,  need  not  then  be  so  deep  or  so 
large  as  the  first.  At  the  end  of  it,  filtering  materials  of  different  kinds 
should  be  arranged,  through  which  the  sewage  would  pass  laterally; 
1st,  coarse  screened  gravel,  beach  or  broken  stones;  2d,  gravel  of 
medium  coarseness;  and  3d,  some  finer  material.  And  there  would 
be  much  advantage  in  having  this  filter,  D,  shallow  and  broad,  rather 
than  deep  and  narrow;  the  surface  water  only  would  pass  away,  and 
thus  allow  of  further  deposit  from  the  main  body  before  filtration;  it 
would  be  subject  to  greater  friction  and  disengagement  of  the  solid 
matter  and  foul  gases;  and  the  filtering  medium  itself  would  be  less 
readily  clogged  and  would  be  more  accessible  for  cleansing  without 
removal,  as  it  could  be  turned  over  in  its  place  and  subjected  to  com- 
plete washing,  from  a  water  tank,  E,  above,  as  often  as  desired.  A 
very  small  area  of  filter  so  placed  would  be  found  sufficient  for  all 
practical  purposes.     *     *     * 

"It  is  stated  as  one  of  the  results  of  the  Manchester  experiments, 
that  the  lime  falls  at  the  rate  of  li  ins.  per  minute.  The  admixture 
being  made  as  the  sewage  flows  into  the  reservoir  at  each  side.  I  pro- 
pose that  it  should  be  intercepted  by  a  fender,  that  it  may  not  disturb 
the  main  body  of  water,  and  that  the  discharge  to  the  outfall  should 
take  place  over  a  weir,  allowing  only  a  surface  film  of  the  water,  from 
which  the  lime  has  descended,  to  pass  over. 

"The  depth  of  this  surface  water  passing  over,  and  the  length  of 
the  reservoir,  must  be,  of  course,  determined  by  the  quantity  which 
has  to  be  discharged. 

"The  construction  shown  on  the  plans  would  be  sufficient  for  a 
town  of  about  3  000  inhabitants,  and  would  probably  cost  from  £250 
to  £300,  exclusive  of  the  excavation  of  the  site  and  the  fencing  shown, 
which  would  depend  upon  locality." 

School  Cesspool,  Dei-byshire,  1858. — Dr.  Samuel  Eideal,  m  the  Can- 
tor Lectures,*  on  the  "Bacterial  Purification  of  Sewage,"  delivered  in 
1899,  mentions  the  time  and  skill  spent  by  architects  and  others  upon 
the  design  of  cesspools  in  England  in  the  early  Victorian  period,  wheu 
sanitary  progress  first  drew  attention  to  its  importance;  and  he  refers 
to  the  construction  in  1858  of  a  very  large  cemented  brick  pit  for  a 
school  in  Derbyshire,  into  which  passed  continuously  the  sewage  of 
250  to  300  persons,  and  the  drainage  from  a  farm.  Whenever  the  pit 
was  full  its  contents  were  pumped  out  from  a  point  near  the  bottom 
and  discharged  by  pipes  over  cultivated  slopes.  The  mixed  water  was 
said  to  be  clear  and  bright,  except  for  an  occasional  turbidity  from 
*Journal,  Society  of  Arts,  London,  January  16th,  1899,  p.  683. 
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the  clay.  At  the  periods  of  emptying,  no  nuisance  occurred,  though 
sometimes  a  faint  odor  was  noticed  when  the  wind  was  in  the  right 
direction. 

Settling  Tanh  at  Hospital  for  the  Insane,  Worcestei',  3Iass.,  1876.* — 
This  settling  tank  (shown  in  Fig.  5,  Plate  XI),  designed  for  an 
ultimate  capacity  of  600  persons,  is  of  particular  interest,  as  making 
use  of  the  submerged  inlet  and  outlet,  diaphragm  wall  with  punched 
screens  and  screen  weirs,  and  the  masonry  roof.  It  forms  a  part 
of  the  broad  irrigation  system  in  use  there. 

Mouras''  Vidange  Automatique,  1881. — Mouras'  Automatic  Scaven- 
ger has  been  so  frequently  referred  to  and  discussed  in  recent  engineer- 
ing literature  as  to  make  it  unnecessary  here  to  do  more  than  give  a 
few  references!  to  it  and  briefly  outline  its  action. 

The  scavenger  was  described  by  Abbe  Moigno,  editor  of  the  Cosmos 
les  Moii'les  as  being  a  metal  receptacle,  hermetically  sealed,  continuous 
in  working,  absolutely  inodorous,  which  rapidly  transforms  all  it 
receives  into  a  homogeneous  fluid,  only  sHghtly  turbid,  free  from 
deposit  of  any  kind,  and  almost  devoid  of  smell.  Its  general  arrange- 
ment is  shown  in  Plate  XI,  Fig.    2,    and  needs  no  ftirther  comment. 

An  interesting  account  of  the  application  of  the  scavenger  is  given 
in  the  Minutes  of  Proceeding:^  of  the  Institute  of  Civil  Engineers,  Vol. 
LXVIII,  page  502,  1883-84.  According  to  this,  the  scavenger  was 
placed  at  the  works  of  Mr.  Herzog  at  Logelbach  in  the  middle  of  the 
year  1883.  It  had  a  capacity  of  about  16  800  U.  S.  galls.,  and  was 
used  for  three  water-closets  frequented  by  150  peojile,  the  inflow  being 
fairly  constant  in  volume.  The  inlet  and  outlet  pipes  were  sub- 
merged, of  the  form  prescribed  by  the  inventor,  by  which  the  vessel 
was  hermetically  sealed  and  the  phenomena  of  oxidation  practically 
prevented.  The  author  states  that  complete  putrefaction  took  place, 
by  which  all  solid  matters  were  dissolved  in  the  space  of  thirty   days. 

Professor  Rideal,  commenting  upon  the  size  of  the  tank,  says: 

"It  is  not  so  large  as  to  be  impossible  with  ordinary  sewages,  but 

*  Rafter  and  Baker's  "  Sewage  Disposal  in  the  United  States,"  p.  456. 

+  Cosmos  les  Mondes,  December,  1881,  January,  1883,  and  January,  1883. 

Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  Foreign  Abstracts:  Vol.  Ixviii, 
pp.  350-353, 1881-83;  Vol.  Ixxii,  p.  359,  1883-83;  Vol.  Ixviii,  p.  503.  1883-84. 

"  Assainissement  des  Villas  par  I'Eau,  les  Egouts,  les  Irrigations,"  par  M.  A.  Mille. 

"  Sewage  and  the  Bacterial  Purification  of  Ssw.tge."    By  Dr.  Samuel  Rideal.p.  165. 

Journal,  Society  of  Arts,  London,  p.  710,  1899.  Abstract  by  Rudolph  Hering,  M.  Am. 
See.  C.  E. 

Journal,  Association  of  Engineering  Societies,  Vol.  xxiv,  February,  1900.  Article  on 
the  Septic  Tank,  by  Professor  Leonard  P.  Kinnicutt. 

Engineering  News,  April  15th,  1883,  and  reprint  of  the  same,  accompanied  with  letter 
of  Kenneth  Allen,  M.  Am.  Soc.  C.  E.,  May  13th,  1898. 
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the  fact  that  the  effluent  from  such  a  tank  was  not  sufficiently  puri- 
fied without  further  nitrification,  prevented  the  automatic  scavenger 
from  being  more  generally  adopted. " 

It  appears  to  have  been  used  for  some  years,  however,  in  Paris,  until 
the  i^assage  of  the  act  requiring  the  discharge  of  all  sewage  direct  into 
the  mains,  without  preliminary  treatment  of  any  kind. 

Mouras'  scavenger  is  also  described  in  a  letter*  by  Scott  Moncreiff", 
in  which  he  says,  referring  to  the  later  septic  tank  of  Donald  Cameron: 

"  It  is  nothing  new,  and  has  been  in  use  by  Beazley  and  Burrows, 
Architects,  of  Victoria  Street,  Westminster,  for  the  last  seven  or  eight 
years,  in  their  ordinary  practice  of  draining  country  houses." 

School  for  Boys,  Lawrenceville,  New  Jersey,  1882.-f — A  double  receiv- 
ing and  settling  tank  (Fig.  3,  Plate  XI)  for  use  at  Lawrenceville, 
N.  J. ,  in  conjunction  with  a  sub-surface  irrigation  system,  was  designed 
in  1882  by  J.  James  E.  Croes,  President,  Am.  Soc.  C.  E.  Its  capacity 
was  planned  for  400  persons,  though  it  was  used  by  only  180  for  some 
time.  The  sewage  at  first  amounted  to  about  6  000  galls,  per  24  hours, 
though  later,  in  1893,  it  reached  20  000  galls,  per  24  hours.  The  joint 
capacity  of  the  two  chambers  amounted  to  about  11  000  U.  S.  galls. 
The  sewage  flowed  in  each  septic  tank  down  through  one  long  central 
pasaage-way,  back  through  the  next,  and  out  through  the  outside 
passage  into  the  pump  well,  from  which  it  was  periodically  discharged 
by  a  pulsometer  pump  into  a  sub-surface  irrigation  system.  The  inlets 
and  outlets  between  the  chambers  were  submerged,  with  a  weir  at  the 
end  of  the  last  channel,  over  which  the  sewage  fell  in  a  thin  sheet  into 
the  pump-well  below.  The  chambers  were  ventilated  by  a  flue  to  the 
boiler  house. 

This  plant,  built  in  1882,  embodied  to  a  striking  degree  the  very 
processes  and  devices  now  being  used  by  others  under  claim  of  nov- 
elty, and  covered  by  recent  j)atents. 

Massachusetts  Reformatory,  Concord,  Mass.,  1883.% — A  sewage  dis- 
posal system,  comprising  sedimentation,  storage  and  broad  irrigation, 
was  designed  for  this  institution  by  William  Wheeler,  M.  Am.  Soc. 
C.  E.,  in  1883.  This  system  is  of  interest  as  illustrating  the  use  of  a 
small  sedimentation  and  macerating  chamber  for  the  separation  and 
liquefaction  of    the    solids,    submerged    inlets    and    outlets,  a  large 

*  Engineering  (Loudon),  September  25th,  189(3,  p.  407. 
t  Rafter  and  Baker's  "  Sewage  Disposal  in  the  United  States,"  p.  511. 
tSee    Massachusetts  Public  Documents,  1883,  No.   13.      Also  Rafter  and  Baker's 
"Sewage  Disposal  in  the  United  States,"  pp.  468-475. 
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storage  chamber  to  contain  approximately  14  lionrs'  night  flow  of 
sewage,  from  which  the  liquid  was  pumped  daily  to  a  j^oint  ap- 
proximately 1  ft.  from  the  bottom.  The  tanks  were  also  covered 
with  a  masonry  roof,  and  provided  with  artificial  ventilation  to  the 
chimney. 

Edward  S.  Philbrick,  1883. — In  an  interesting  article*  on  "The 
Disposal  of  Sewage  by  Sub-Snrface  Irrigation  in  Suburban  Eesi- 
dences,"  Mr.  Philbrick  suggested  the  advisability  of  sedimentation, 
maceration  and  intermittent  application  of  the  sewage  in  sub-jsurface 
irrigation  systems,  and  described  a  tank  for  accomplishing  this 
purpose.  Its  construction  is  so  clearly  shown  in  Fig.  4,  Plate  XI, 
as  to  make  further  description  unnecessary.  Mr.  Philbrick's  discus- 
sion of  the  operation  of  the  tank  previously  alluded  to  is  excellent. 
The  use  of  similar  tanks  has  also  been  suggested  in  the  more  recent 
works  of  the  late  Colonel  George  E. Waring,  Jr.,  and  Mr.  William  Paul 
Gerhard. 

In  a  later  articlef  Mr.  Philbrick,  replying  to  an  open  letter  asking 
about  the  dimensions  for  a  flush-tank  and  settling  basin  for  a  hospital 
containing  twenty-five  beds,  suggested  the  use  of  tanks  5  ft.  in  diam- 
eter by  5  ft.  in  depth,  which  would  have  given  aj)proximately  8  or  10 
hours'  sedimentation  and  septic  action. 

Medfield,  Mass.,  1886. X — The  "settling  and  filtering  tanks"  shown 
in  Fig.  6,  Plate  XI,  were  designed  for  the  Town  of  Medfield,  Mass., 
by  Eliot  C.  Clark,  M.  Am.  Soc.  C.  E.| 

Professor  L.  Paglianl,  1891. — At  the  Vllth  International  Congress 
of  Hygiene  and  Demography,  held  in  London  in  1891,  L.  Paglianl, 
Professor  of  Hygiene,  and  Director  of  the  Public  Health,  at  Home, 
Italy,  presented  a  jDaper  on  "The  Application  of  a  Eeservoir  Inter- 
ceptor, made  on  the  Tyjje  of  Mouras'  Fosse,  and  of  a  Peat  Filter  for 
Sewage  in  the  System  of  Separate  Sewerage. " 

In  this,  he  says:  Considerations  of  economy  made  the  totd  a  Vegout 
system  impossible,  and  compelled  the  adoption  of  "a  good  dividing 
system,"  which  should  "separate  the  soluble  or  emulsionable  materials 
of  the  privy    *    *     *     from  the  solid  and  heavy  parts,"  and  thus  make 

*  The  Engineering  Record,  May  10th,  1883. 

t  The  Engineering  Record,  Vol.  8,  p.  444. 

X  Rafter  and  Baker's  Sewage  Disposal  in  the  United  States,  pp.  490-493.  Also  Engi- 
neering News,  and  The  Engineering  Record. 

§  A  detailed  description  of  these  tanks  may  be  found  in  The  Engineering  Record 
May  10th,  1883. 
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possible  the  use  of  small-sized  sewer  i^ipes  without  danger  of  cloggiug. 
The  tank  is  a  type  of  Monras'  scavenger,  made  of  cast  iron  or  cement, 
as  shown  in  Fig.  7,  Plate  XI. 

'•  Exj^erience  has  proved  that  such  a  reservoir  can  work  properly 
without  any  inconvenience  for  a  very  long  period,  and  perhaps  indefi- 
nitely, when  to  it  is  supplied  an  abundant  flowing  of  water;  but  if  the 
water  be  in  want,  it  may  happen  that  the  floating  layer  thickens  so  in 
the  course  of  a  few  months  as  to  make  difficult  the  further  flowing  of 
the  successive  sewage.  In  this  case,  however,  to  put  the  ajjparatus  to 
work  again  is  sufficient  to  draw  oflf  the  reservoir  some  liquid  at  one- 
fourth  its  height  from  the  bottom  by  means  of  a  pipe ;  the  surface  of  the 
liquid  with  its  floating  solid  layer  is  thus  lowered,"  and  the  trouble 
remedied  by  further  dilution.  No  dej)osit  occurs  in  the  pipe 
system. 

■'  To  filter  the  dissolved  sewage  that  is  drawn  from  the  reservoir  I 
resorted  to  peat  with  the  best  results. " 

He  then  describes  his  and  Professor  Monari's  experiments  with  peat 
as  a  filtering  medium,  and  mentions  several  jilants  of  this  character 
designed  by  him,  notably  in  Rome,  Turin  and  Massa.* 

Gardner,  Mass.;  Marlboro,  Mass.,  1892. — Figs.  11  and  8,  Plate  XI, 
illustrate  the  tanks  at  Gardner  and  Marlboro,  Mass. ,  for  description  of 
which  the  reader  is  referred  to  Eafter  and  Baker's  "  Sewage  Disposal 
in  the  United  States." 

Wellesley  College,  Mass.,  1892,  and  Massachusetts  Agricultural  College, 
Amherst,  3Iass.,  1893.— Figs.  9  and  10,  Plate  XI,  are  of  interest 
chiefly  as  illustrating  certain  types  of  tanks.  The  former  discharges 
intermittently  into  sub-surface  irrigation  pipes;  the  latter  upon  irriga- 
tion beds. 

Champaign,  III.,  1897.— In  Fig.  12,  Plate  XI,  is  shown  the  Cham- 
paign, 111.,  tank,  designed  by  C.  N.  Talbot,  M.  Am.  Soc.  0.  E.  Of  it, 
Professor  Talbot  says:f 

"This  septic  tank  has  been  in  oiDeration  since  1897,  although  it  was 
designed  in  1895.  It  was  an  outgrowth  of  the  writer's  experience 
with  the  Urbana  septic  tank,  which  he  constructed  in  1894  The 
ideas  for  this  came  from  a  study  of  various  settling  tanks  connected 
with  sewage  disposal  works,  the  action  of  large  cesspools,  and  the 
'  automatic  vault  cleaner  '  of  M.  Mouras,  described  in  Engineering 
News    of    April    15th,    1882.       The    Urbana    tank    was   covered   with 

*  Since  making  the  above  abstract  of  Professor  Paglianl's  work,  the  writer  has 
noticed  a  short  article  in  The  Engineering  Record  of  March  30th,  1901,  upon  "  An  Early- 
Example  of  Combined  Septic  Treatment  and  Filtration  of  Sewage." 

t  Engineering  News,  August  17th,  1899,  p.  113. 
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plank  and  earth,  and  had  a  submerged  outlet.  Observation  on  its 
action  proved  that  a  material  purification  of  the  sewage  vras  made, 
and  the  efficiency  of  the  tank  has  been  quite  satisfactory.  It  may 
be  noted  that  the  development  of  the  septic  tank  process  in  Urbana 
and  Champaign  was  made  at  about  the  same  time  as  that  at  Exeter, 
England,  the  two  being  entirely  independent  of  each  other,  though 
along  much  the  same  lines.     *     *     * 

"It  may  be  well  to  say  that  this  system  may  be  used  without  in- 
fringing on  any  patents.  While  a  company  claims  to  have  a  patent, 
the  principles  of  darkness,  non-ventilation,  submerged  outlet,  and 
other  features  of  the  septic  tank  have  been  in  use  so  long  that  they 
certainly  are  not  patentable. " 

This  brings  us  to  the  present  period,  and  to  the  development  of 
the  modern  septic  tank  and  bacterial  contact  systems  of  sewage  dis- 
posal. Some  excellent  and  very  suggestive  studies  have  been  made  in 
this  field  within  the  last  decade,  and  the  actual  processes  of  Nature 
are  probably  far  better  understood  to-day  than  formerly.  Many  of  the 
professedly  new  principles  and  devices  used  are  covered  by  patents, 
both  at  home  and  abroad;  yet  a  comparison  of  the  actual  methods 
used  to-day  with  those  of  years  ago,  regardless  of  new  interpretations 
or  explanations  of  the  forces  involved,  discredits  at  least  some  of  the 
claims  of  novelty  now  being  advanced. 

Enough  has  been  said,  however,  to  indicate  that  the  following 
processes  and  operations  are  old  in  application  in  the  field  of  sewage 
disposal,  and  hence  that  their  use,  per  se,  cannot  constitute  an  infringe- 
ment of  patent  rights : 

1. — Sedimentation,  as  shown  by  the  work  of  Mr.  Austin,  Dr.  Tanner, 
and  many  others  referred  to; 

2. — Reduction  and  liquefaction  of  the  solids,  soaps  and  fats  by 
bacterial  or  anaerobic  action,  hydrolysis,  fermentation,  maceration, 
etc.,  by  slow  passage  of  the  sewage  through  a  tank  or  chamber,  as 
shown  in  the  different  types  of  tanks  and  modified  cesspools  used  in 
Paris  and  the  world  over,  the  Mouras'  automatic  scavenger,  Paglianl's 
tank,  Philbrick's  tank,  Croes'  Lawrenceville  plant,  Talbot's  Urbana 
and  Chami^aign  tanks,  the  Amherst  tank,  and  many  others; 

3. — Decantation  of  the  liquid  and  liquefied  portions  of  the  sewage 
from  the  tank  without  disttirbing  its  contents  or  the  surface  blanket 
or  sludge  deposit  in  the  bottom,  by  means  of  the  submerged  outlets, 
as  shown  by  the  work  of  Mr.  Austin,  Dr.  Tanner  and  others,  Mouras'^ 
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automatic  scavenger,  Pagiianl's  tank,  Philbrick's  tank,  Croes'  tank, 
Wheeler's  Massachusetts  Eeformatory  tank,  and  many  others  cited; 

4. — Hydraulic  sealing  or  trapping  by  submerged  inlet  and  outlet, 
as  shown  by  numerous  examples  cited; 

5. — Eoof  or  covering,  as  shown  by  various  examijles  cited; 

6. — Artificial  ventilation,  as  shown  by  certain  of  the  tanks  used  in 
Paris,  Wheeler's  Massachusetts  Reformatory  storage  chamber,  Phil- 
brick's  tank,  Croes'  tank,  and  others; 

7. — Absence  of  ventilation  and  exclusion  of  light  and  air,  as  in 
Mouras'  automatic  scavenger,  Pagiianl's  tank,  and  others; 

8.—  Removal  of  the  sludge  without  draining  the  tank,  as  in  Pagiianl's 
tank,  the  Amherst  tank,  and  others; 

9. — Overflow  and  aeration  by  weir,  as  shown  in  Aiistin's  tank, 
Croes'  Lawrenceville  tank,  and  others; 

10. — And  many  other  processes  and  devices  of  lesser  imijortance. 

To  discuss  the  recent  work,  however,  is  beyond  the  purpose  of  this 
paper.  The  writer  has  aimed  only  to  present,  to  those  interested  in 
the  subject,  certain  facts,  gathered  by  him  in  his  investigations,  which 
seemed  to  have  an  important  bearing  upon  some  of  the  more  recent 
claims  for  novelty,  as  well  as  iipon  certain  old  patents  now  being  in- 
terpreted in  the  light  of  modern  scientific  development,  and  in  a  way 
never  dreamed  of  bv  their  authors. 
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DISCUSSION. 


Mr.  Snow.  Ff.ank  Heebeet  Snow,  Assoc.  M.  Am.  Soc.  C.  E. — The  author  is 
not  ihe  only  engineer  who  has  been  bothered  by  claimants  to  pro- 
prietorship in  the  septic  tank.  If  others  Lave  gone  into  jsainstaking 
research  of  the  antecedents  of  this  modern  method,  it  is  not  known. 
Mr.  Metcalf  is  the  first  to  submit,  in  permanent  form,  for  general 
reference,  the  results  of  such  investigation,  and  his  expressed  hope 
that  this  effort  may  be  of  service  to  brother  engineers  interested  in 
the  patent  question  will  undoubtedly  be  realized. 

Modern  proprietory  methods  of  sewage  disposal  are  demanding 
the  attention  of  civil  authorities.  The  septic  tank  is  a  modern  method, 
in  the  sense  that  it  was  not  recognized  as  a  jjractical  mode  of  treating 
a  large  volume  of  sewage  until  about  six  years  ago.  It  is  not  a  modern 
method  in  the  sense  that  the  action  peculiar  to  sewage  confined  in 
receptacles  has  been  known  and  observed  for  many  years.  The  plans 
on  Plate  XI  show  tanks  which  were  constructed  for  the  purpose — 
as  the  speaker  understands  them — of  intercej^ting  the  solids  in  the 
sewage,  prior  to  subsequent  treatment  of  the  liquid.  It  has  not  been 
made  clear  what  disposition  of  the  sediment  was  intended.  The 
advocates  of  the  modern  septic  tank  at  first  claimed  complete  lique- 
faction of  the  solids,  but  now  modify  this  claim.  That  some  such 
action  did  take  place  in  the  old  tanks  was  known.  Thus,  not  all  the 
claims  for  the  modern  system  are  being  realized,  but,  on  the  other 
hand,  more  has  been  accomplished  by  the  old  tanks  than  was  expected 
or  intended  by  their  designers. 

The  speaker  does  not  think  for  a  moment  that  proprietary  rights 
in  the  sejotic  system  need  be  a  subject  for  serious  apjjrehension,  but 
he  does  consider  the  patent  question  a  jjertinent  one,  and  will  confine 
his  remarks  to  a  brief  review  of  the  subject  as  it  has  come  to  his 
knowledge  since  1882,  when  he  first  became  interested  in  sewage 
disposal. 

The  invention  of  systems  of,  and  appliances  for,  treating  seAvage 
has  more  than  kept  jsace  with  the  actual  development  of  the  science 
of  sewage  purification.  A  great  many  inventions  have  been  patented. 
Many  of  the  patents  issued  are  without  doubt  invalid,  many  of  them 
are  impracticable,  and  a  few  may  meet  a  real  need  which  is  not  univer- 
sally felt  at  the  present  time,  because  the  science  has  not  sufficiently 
developed. 

Mr.  Metcalf  has  referred  to  patents  which  cover  the  subsequent 
treatment  or  disposal  of  the  septic  fluid,  as  well  as  those  which  refer 
to  the  septic  tank  itself,  and  the  discussion  may,  therefore,  properly 
take  into  consideration  the  aerobic  and  anaerobic  processes. 

The  speaker  has  used  the  septic  tank  in  combination  with  filters 
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for  several  years.  Recently,  he  has  had  his  attention  called  to  the  Mr.  Snow, 
fact  that  claims  for  infringement  of  patent  rights  were  about  to  be 
pressed  in  nine  cases  in  which  he  is  interested  in  the  design  and  con- 
struction of  sewage  purification  works.  These  claims  are  so  broad 
that  they  appear  at  first  to  be  ludicrous,  and  their  attempted  enforce- 
ment little  less  than  blackmail;  but,  nevertheless,  the  fact  of  the 
mere  notification  of  intention  to  sue  is  enough  to  arouse  fear  in  the 
mind  of  the  alleged  infringer,  and  to  jjlace  the  designer  of  the  plans 
in  an  unpleasant  position  before  his  client.  Therefore,  the  patent 
question  has  forced  itself  upon  some  of  the  members  of  this  Society, 
already,  and  it  behooves  others  to  consider  their  premises  well  before 
submitting  plans  for  adoption. 

Sewage  left  to  its  natural  course  will  ultimately  purify  by  the 
agency  of  chemical  changes  depending  upon  bacterial  action.  The 
early  artificial  methods  of  disposal,  like  chemical  precipitation,  were 
antiseptic  in  their  ojaeration,  and  inimical  to  bacterial  life.  At  the 
present  time  the  whole  trend  of  thought  and  effort  is  to  discover  and 
meet  the  conditions  which  aid  and  intensify  this  life.  After  it  was 
realized  that  the  action  could  be  accelerated  by  oxygen  without  the 
agency  of  vegetation,  the  use  of  sands,  over  which  the  sewage  could 
be  spread  in  thin  films,  thereby  increasing  the  area  "of  oxidation  and 
bacterial  action,  and  in  which,  by  alternately  applying  sewage  to 
different  beds,  the  necessary  supply  of  oxygen  could  enter  between 
doses,  was  investigated,  and  the  results  made  public  property.  This 
work,  by  the  State  of  Massachusetts,  was  the  foundation  of  the 
American  system  of  intermittent  filtration. 

During  this  period  of  evolution  in  methods,  inventions,  aiming  to 
cover  the  use  and  control  of  air  in  filters,  were  announced  from  time 
to  time.  The  speaker  has  been  compelled  to  believe  that  some  of  the 
alleged  discoveries  and  inventions  were  not  based  on  knowledge  and 
reasonable  experimentations  so  much  as  upon  theory  and  desire  to 
monoj)olize  what  appeared  to  be  the  coming  system  of  sewage 
purification. 

The  evil  of  allowing  fake  systems  to  demonstrate  their  inefficiency 
at  public  expense,  in  preference  to  taking  sound  professional  advice, 
has  been  obviated  in  Massachusetts  by  reason  of  the  fact  that  plans 
must  first  be  approved  by  the  State  Board  of  Health,  whose  standards 
of  comparison  afford  no  encouragement,  but  rather  keep  the  promoter 
away. 

Passing  quickly  on,  experience  soon  proved  that  rates  of  sewage 
purification  by  sand  filtration  dejDended  upon  the  size  of  the  sand 
grains,  and  on  the  fact  that,  owing  to  the  fineness  of  the  material,  the 
bacterial  action  was  limited  to  the  upjaer  few  inches  of  the  filter;  and 
also  that  the  principal  difficulty  was  found  in  handling  the  suspended 
matters  in  the  sewage.     Where   fresh  sewage  was  applied,  fats   and 
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Mr.  Snow,  i'secal  matter  accumulated  on  the  surface  of  the  filter,  requiring  fre- 
quent raking  off;  where  stale  sewage  was  apijlied,  the  surface  deposits 
were  found  to  be  less  and  the  fatty  matters  more  easily  handled. 

The  great  question  was  the  sludge  problem :  Was  it  better  to  separate 
the  sludge  from  the  body  of  the  sewage,  and  press  it,  or  separate  it  and 
apply  it  to  jjarticular  beds,  or  indiscriminately  apply  it  mixed  with 
seAvage  ? 

Contemporaneous  with  these  exjoeriences,  various  patents  for  hand- 
ling and  disposing  of  this  material  were  allowed.  The  most  noted 
contrivance  for  this  jjurpose  is  the  sejatic  tank.  The  proprietary 
right  to  this  system  will  not  be  generally  conceded  in  this  country, 
unless  sustained  in  the  courts.  The  reason  is,  that  the  process  is 
simply  an  extension  of  the  action  which  has  long  been  recognized  as 
naturally  taking  place  m  sewage  when  it  becomes  stale.  The  tank  is 
primarily  a  settling  basin.  The  subsided  matters  putrefy  and  give 
off  gases  which  raise  the  solids  to  the  surface,  where  the  gases  escape 
and  the  solids  fall  to  the  bottom  again,  and  the  rise  and  fall  continue 
until  the  solids  pass  into  liquid  form  through  bacterial  action.  The 
process  is  natural.  It  may  be  facilitated  or  hindered.  The  exclusive 
right  to  the  natural  jjrocess  may  well  be  questioned.  The  validity  of 
patents  issued  for  aj^pliances  to  facilitate  the  action  is  not  questioned, 
except  in  particular  cases.  Such  appliances,  placed  for  general  sale, 
may  be  included  in  the  engineer's  design,  and  their  use  safeguarded 
under  terms  suggested  by  ordinary  business  methods.  But  it  seems 
that  the  tank  itself,  and  combinations  with  machinery  or  contrivances 
for  automatically  governing  the  same,  cannot  be  used  without  liability 
of  litigation. 

At  least  one  royalty  has  been  paid  in  this  country  for  the  use  of 
the  septic  process.  The  engineer  who  designed  the  works  has  sounded 
an  alarm,  and  a  similar  payment  will  be  more  difficult  to  obtain  here- 
after. The  case  cited  affords  an  example  of  what  an  alJeged  infringer 
may  be  willing  to  do  to  avoid  annoyance,  even  where  the  validity  of 
the  claim  is  denied. 

It  is  interesting  to  consider  the  claims  of  the  much-discussed 
"  Glover  System  "  oi  sewage  purification.  No  one  has  ever  been  able 
to  tell  Just  what  Mr.  Amasa  Grlover,  of  Brockton,  Mass  ,  did  invent 
or  discover,  and  patent.  He  claimed  everything  in  sight,  as  the  science 
was  developed  from  year  to  year.  Whether  or  not  Mr.  Glover  did 
sufficiently  and  jjroperly  describe  his  invention,  in  the  specification 
which  was  originally  filed  in  the  patent  office,  is  immaterial  to  this  dis- 
cussion. The  speaker  can  testify  that  Mr.  Glover  did  claim  an  absolute 
disappearance  of  all  solids  either  in  the  central  tank  of  the  system,  or 
the  subsequent  filters  grouped  around  the  tank.  He  recognized  the 
necessity  of  oxidation,  and  i^rovided  for  a  kind  of  aeration  of  the  filters 
and  also  for  periods  of  dosing  and  rest.    Later,  when  the  Massachusetts 
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State  Board  of  Health  began  experiments  on  sands,  Mr.  Glover  seriously  Mr.'Snow. 
considered  bringing  suit  for  infringement,  until  he  found  out  that  this 
coiild  not  be  done.  Subsequently,  he  decided  that  the  experiments 
confirmed  his  claims,  and  it  is  a  fact  that,  on  the  strength  of  the  State 
Reports,  men  jaurchased  stock  in  his  comjjany.  The  jjatent  has  long- 
since  expired,  but  there  are  scores  of  men  living  who  will  testify  that 
Mr.  Glover  discovered  the  bacterial  system  of  purification,  and,  owing 
to  this  fact,  they  were  induced  to  invest  money  in  the  process. 

The  speaker  does  not  wish  to  be  understood  as  confirming  in  any 
way  this  opinion,  but  he  is  stating  the  facts,  as  he  knows  them,  of  this 
particular  claim  to  the  discovery  of  the  septic  and  bacterial  processes. 

The  date  of  that  patent  was  1882,  or,  perhaps,  as  early  as  1^80.  In 
any  event,  it  expired  several  years  ago. 

At  the  present  time  the  best  information  regarding  the  preliminary 
decomposition  of  the  organic  compounds  in  sewage,  especially  the  Wreak- 
ing down  of  cellulose  and  fatty  matters,  is  that  it  must  be  by  anaerobic 
liquefaction  and  hydrolysis.  The  subsequent  purification  must  be 
aerobic,  and,  along  these  lines  of  oxidizing  treatment,  progress  has 
been  made  in  the  use  of  filters  of  coarse  material  and  gates  to  hold  the 
sewage  in  contact  with  the  bedding  material  for  stated  periods.  In 
this  manner  the  field  of  bacterial  action  is  extended  through  the  entire 
dejith  of  the  filter,  and  higher  rates  are  thereby  secured.  This  step 
has  brought  out  another  distinct  class  of  inventions.  Patent  rights 
are  now  claimed  on  devices  for  controlling  the  septic  action,  and  com- 
binations with  various  kinds  of  filters,  on  the  filters,  sedimentation 
tanks,  and  various  contrivances  and  appliances  for  controlling,  dis- 
tributing, and  collecting  sewage  in  its  passage  through  the  diflerent 
stages  of  the  purification  works. 

Some  of  these  rights  are  owned  by  companies  organized  for  the 
purpose  of  constructing  disposal  works.  New  companies  are  being 
organized  for  this  purpose.  In  every  instance  patents  are  the  basis 
for  the  entei'i^rise.  The  great  field  of  sewage  purification  oliers  induce- 
ments to  capital,  and  any  plausible  scheme  to  create  a  mono^joly  of  the 
business  can  find  financial  backing.  It  is  with  sewage  disposal  com- 
panies owning  patented  processes  that  the  engineer  will  be  brought  in 
contact  more  frequently  in  the  future. 

Now,  contracts  awarded  on  plans  and  specifications  furnished  by 
each  bidder  have  been  held  to  be  illegal,  because  the  law  implies  a 
common  standard  upon  which  bids  shall  be  compared.  As  any  other 
method  would  be  contrary  to  the  policy  of  law  and  good  government, 
it  is  usually  held  that  a  city  must  jjrepare  its  own  plans  and  specifica- 
tions, and  all  patented  processes  constituting  the  subject  of  a  monopoly 
must  be  excluded  from  the  plans.  This  law,  or  this  interpretation  of 
the  law,  if  strictly  carried  out,  would  prevent  many  useful  appliances 
and  inventions  being  used  on  public  works,  which,  in  itself,  would  be 
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Mr.  Snow,  poor  i^iiblic  policy.  The  speaker  considers  a  disposal  plant  to  be  like  a 
machine,  or  anything  complete  in  itself,  operating  to  perform  a  stated 
amount  of  work  in  a  stated  time  and  manner,  and,  when  considered  in 
this  light,  it  is  a  subject  for  projaosal  and  contract  just  as  much  as  a 
pumping  engine,  steam-boiler,  or  any  other  contrivance  which  can  be 
constructed  and  set  up  ready  for  use  by  a  contractor. 

If  this  be  so,  sewage  disposal  companies  owning  patents  will  be 
encouraged  to  struggle  for  existence.  Projirietary  systems  will  be 
offered  to  municipalities,  and,  in  evidence  of  good  faith,  promoters  will 
agree  to  execute  satisfactory  bonds  in  almost  any  amount  that  the 
claim  for  the  system  shall  be  obtained. 

Such  propositions  demand  consideration,  and  in  time  they  reach 
the  engineer.  Even  three  years  ago  he  did  not  have  to  consider  to  any 
extent  the  utility  and  validity  of  patents  and  proprietary  systems,  but 
there  is  no  question  now  about  the  necessity  of  a  comprehensive  knowl- 
edge of  these  matters. 

In  conclusion,  the  speaker  does  not  believe  that  the  threatened 
suits,  referred  to  at  the  beginning  of  these  remarks,  will  ever  be  brought 
to  trial,  but  if  forced  into  litigation,  he  will  enter  tlie  contest  with  the 
assurance  of  extended  co-operation  on  the  part  of  engineers,  and  with 
full  confidence  as  to  the  final  results. 
Mr.  Hering.  RuDOLPH  Heking,  M.  Am.  Soc.  C  E. — The  author  has  done  a  com- 
mendable service  in  bringing  together  this  material  and  putting  it  in 
good  shape  for  reference,  as  it  will  materially  help  all  those  engineers 
who  are  interested  in  this  particular  subject. 

The  speaker's  impression  is  that  Mr.  Philbrick  constructed  his 
tanks  and  sewage  disposal  jslants  somewhat  earlier  than  1883,  the  date 
given  in  the  paper.  During  the  eighties,  the  speaker  built  two  plants, 
each  for  the  disposal  of  20  000  galls,  a  day,  practically  on  Mr.  Phil- 
brick's  suggestions.  One  of  these  plants  was  near  Philadelphia,  the 
other  was  for  a  hotel  on  an  island  in  Lake  George.  The  experience 
was  very  interesting  m  more  than  one  way.  The  latter  j^lant  was  put 
up  early  in  the  spring,  before  the  hotel  was  opened,  and  at  the  end  of 
the  season  there  were  several  things  that  surprised  him,  and  for  which 
he  did  not  find  an  explanation  until  recently,  when  the  septic  tank 
process  became  common  knowledge. 

Mr.  Philbrick  suggested  two  settling  tanks,  into  which  the  sewage 
first  entered,  dropj)ing  its  heavier  matter  to  the  bottom  and  susjiending 
the  lighter  matter  at  the  surface,  this  being  the  ostensible  object  of 
these  two  tanks,  which  were  to  be  used  alternately.  The  liquid 
between  the  two  layers  of  solid  matter  was,  by  means  of  a  submerged 
outlet,  passed  into  another  chamber  which  was  the  siphon  tank.  From 
the  latter,  whenever  the  tank  was  full,  the  sewage,  with  almost  no 
suspended  matter,  was  discharged  automatically  into  the  pipe  deliver- 
ing it  upon  the  i^repared  surface  of  land,  where  it  was  absorbed  by  the 
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sandy  soil.  At  tlie  end  of  tbe  summer  tlie  speaker  was  surprised  to  see  Mr.  Hering. 
so  little  deposit  in  one  of  tlie  tanks,  and  to  learn  that  the  other  one  had 
not  been  used  at  all,  because  it  had  not  been  necessary.  The  second 
one  Avas  to  be  used  only  when  the  accumulation  of  deposits  in  the  first 
interfered  with  the  natiiral  separation,  and  required  removal.  This 
settling  tank  was  about  20  ft.  in  diameter,  and  there  was  a  dejjosit  of 
about  6  ins.  or  1  ft.  of  sludge  and  a  scum  of  2  or  3  ft.  It  was  said  that 
this  had  been  the  condition  for  several  months.  The  speaker  could 
not  understand  at  that  time  why  the  scum  and  deposit  increased 
rai^idly  at  first  and  then  practically  remained  constant,  although  the 
quantity  of  sewage  was  greater  rather  than  less.  The  reason  is  now 
known. 

It  seems  to  the  speaker  that  this  tank  was  practically  the  same  as 
that  which  is  now  called  the  sejitic  tank.  Mr.  Philbrick,  and  also  a 
Mr.  Barrett,  of  Staten  Island,  had  built  a  number  of  them. 

In  1880  the  sj^eaker  had  the  privilege  of  meeting  Mr.  Kogers  Field, 
who  invented  the  first  practical  automatic  siphon  for  sewage  dis- 
charge. He  showed  him,  at  his  office  in  London,  the  application  of  this 
siphon  to  the  disposal  of  the  sewage  from  country  residences,  with 
the  same  arrangements  that  Mr.  Philbrick  published  in  his  little 
pamphlet. 

Geokge  W.  Eaftek,  M.  Am.  Soc.  C  E.  (by  letter). — The  writer  can  Mr.  Rafter, 
contribute,  to  the  list  cited  by  Mr.  Metcalf,  a  brief  description  of  a 
septic  tank  which  has  been  in  use  since  18!S9  or  1890  at  the  old  Colony  of 
Manhattan  State  Hospital,  at  Central  Islip,  N.  Y.  Its  capacity  is  aboiit 
80  000  galls,  or  sufficient  to  take  nearly  the  entire  day's  flow.  It  is 
underground,  arched  over,  and  thus  entirely  covered,  entrance  to  it 
being  effected  through  manholes.  The  contents  are  pumped  out  upon 
land  in  about  5  hours.  There  are  no  plans,  and  its  exact  dimensions 
are  unknown  to  the  writer.     The  sludge  is  removed  twice  each  year. 

James  Owen,  M.  Am.  Soc.  C.  E. — The  speaker  can  corroborate  Mr.  Mr.  Owen. 
Hering's  statements  as  to  the  early  use  of  Mr.  Philbrick's  design  for 
closed  tanks,  as  outlined  by  the  author.  About  the  year  1882,  and  for 
some  years  after,  the  speaker  constructed  a  number  of  small  sewage 
disposal  plants  ujaon  Mr.  Philbrick's  design,  and  he  was  surprised  to 
find  out  how  small  was  the  deposit  in  the  bottom,  and  how  little  the 
accumulation  of  scum  on  top,  in  tanks  which  had  not  been  caret!  for. 
Mr.  Philbrick  designed  these  tanks  to  be  systematically  cared  for,  by 
having  the  tojj  scum  removed  periodically.  In  one  particular  case,  no 
care  had  been  taken  with  the  plant,  and,  four  years  after,  it  was  found 
on  examination  that  the  surface  accumulation  was  very  small  (about 
1  ft.),  and  that  the  bottom  deposit  was  less  than  that,  showing  that  the 
septic  action,  which  is  now  recognized,  was  going  on,  but  was  then  an 
unknown  factor. 

Eeferring  to  the  main  point  of  discussion  in  the  paper,  relative  to 
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Mr.  Owen,  jiatent  rights,  about  the  years  1885  or  1886,  a  notice  from  a  lawyer  was 
received  by  the  speaker,  stating  that  he  was  infringing  on  Mr.  Waring's 
patent  by  using  the  subsoil  irrigation  system  for  the  disposal  of  sewage, 
and  it  was  a  great  surprise  to  him,  as  he  had  received  his  early  educa- 
tion from  an  entirely  different  source,  viz.,  Mr.  Philbrick,  and  as  he 
had  never  read  Mr.  Waring's  book  on  the  subject,  and  did  not  know 
that  Mr.  Waring  had  any  patents  upon  the  system.  The  claim  was 
never  pressed,  nor  was  any  royalty  ever  paid. 

In  regard  to  the  septic  tank,  the  speaker  entirely  agrees  with  Mr. 
Snow,  that  the  knowledge  of  patents  on  ordinary  engineering  struct- 
ures is  a  great  detriment  to  the  furtherance  of  such  constriiction  by 
clients  who  may  desire  to  have  them,  on  account  of  the  dread  of  law- 
suits to  which  they  are  liable  by  the  use  of  a  patented  article  or  system, 
whether  the  patent  is  or  is  not  really  valid.  The  septic  tank,  as 
originally  worked  out  by  Mr.  Cameron,  was  a  purely  professional 
design,  and  he  never  had  a  patent  on  the  septic  tank  principle,  but 
only  on  the  distributing  arrangement,  which  was  a  purely  mechanical 
device.  In  this  country,  however,  patents  have  been  granted  on  the 
septic  principle  of  the  decomposition  of  sewage,  which  is  really  a 
natural  process,  guided,  of  course,  by  special  conditions. 

About  four  years  ago  the  speaker  designed  and  constructed  a  septic 
tank  having  a  capacity  of  about  40  000  galls.,  and  based  on  Mr. 
Cameron's  idea  of  the  Exeter  tank.  No  plans  of  the  Exeter  work  were 
available,  and  the  speaker  evolved  the  construction  of  his  tank  from 
his  own  ideas  of  the  general  requirements  for  such  work.  Shortly  after 
the  completion  of  the  work  a  letter  was  received  from  a  gentleman  in 
Chicago  stating  that  he  was  interested  in  the  septic  tank  principle,  and 
desired  to  see  the  tank.  A  favorable  answer  was  sent  to  this  gentle- 
man, the  inspection  was  duly  made,  and  no  claim  of  any  patent  rights 
was  made  at  that  time.  Last  year  the  speaker  constructed  another 
septic  tank,  of  about  the  same  capacity,  description  of  which  was 
current  in  the  professional  i^apers,  and  a  notice  was  sent  to  him  from  a 
Chicago  syndicate  claiming  damages  for  the  infringement  of  a  patent. 
The  claim  being  repudiated  by  the  speaker,  the  representative  of  the 
syndicate — the  same  person  who  originally  claimed  to  be  interested  in 
septic  tanks — appeared  on  the  scene.  After  a  free  discussion  of  the  ques- 
tion, it  appeared  that  the  particular  patent  for  septic  tanks  was  issued 
to  the  syndicate  about  six  months  after  the  completion  of  the  first  tank 
constructed  by  the  speaker,  and  the  interview  closed  with  a  jiositive 
intimation  on  the  part  of  the  speaker  that  he  would  repudiate  any 
claims  for  the  infringement  of  the  so-called  patent.  It  is  very  doubt- 
ful, in  the  speaker's  mind,  whether  any  patent  for  sejitic  tanks  issued 
in  this  country  has  any  validity  whatever. 

The  tank  at  Champaign,  111.,  was  constructed  before  either  of  the 
speaker's  tanks  was  commenced.     It  was  practically  contemporaneous 
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witli  tlie  Exeter  tank,  and  they  botli  emanated  from  the  investigations  Mr.  Owen, 
of  the  Massachusetts  State  Board  of  Health. 

The  speaker  is  somewhat  solicitous  about  the  patent  question.  In 
his  opinion,  it  is  entirely  unprofessional  for  a  civil  engineer  to  get  any 
patent  on  any  work  which  he  has  constructed.  If  an  engineer,  in 
exercising  his  professional  function  on  behalf  of  his  client,  should 
design  something  novel  or  new,  it  does  not  belong  to  him,  but  to  his 
client,  and,  with  a  due  regard  for  the  proiJer  professional  standard,  he 
cannot  use  it.  If  he  has  obtained  a  patent  on  work  or  construction 
which  he  has  designed  outside  his  professional  capacity,  he  is  jirac- 
tically  debarred  from  using  it  himself,  because  he  has  an  ownership  and 
an  interest  in  a  merchantable  article,  in  the  use  of  which  he  is  debarred 
by  the  ethics  of  his  profession. 

The  speaker  wishes  to  lay  down  the  law  very  strongly  on  this 
patent  question,  as  there  is  a  prevalent  idea,  especially  among  the 
younger  members  of  the  profession,  that  if  a  jarofessional  engineer 
gets  up  a  new  design  which  has  especial  merits,  it  is  perfectly  proper 
for  him  to  patent  it.  The  speaker  believes  that  such  an  act  is  entirely 
unprofessional. 

Leonakd  Metcaif,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Snow,  Mr.  Metcalf. 
in  his  interesting  discussion,  has  stated  that,  "It  has  not  been  made 
clear  what  disposition  of  the  sediment  was  intended,"  in  the  tanks 
illustrated.  The  writer  had  not  considered  that  point  as  germane  to 
the  subject.  To  clear  up  any  doubts,  however,  it  may  be  said  that  the 
same  general  methods  of  disposal  were  made  use  of  that  are  to  be 
found  to-day. 

Thus,  in  Henry  Austin's  plan,  the  sludge  was  composted  with  ashes 
and  used  for  fertilizing  i^urposes.  At  the  Derbyshire  School  it  was 
pumped  out  and  distributed  on  land.  The  sludge  of  the  Paris  tanks 
was  ijumped  out  into  tight  receptacles,  carried  to  central  stations,  and 
from  them  pumped  to  large  sludge  beds  in  the  suburbs,  which  beds 
were  underdrained  like  filter  beds.  The  shxdge  was  thus  drained  un- 
derneath and  dried  out  by  the  air.  In  most  of  the  other  plants,  com- 
posting, followed  by  disjjosal  upon  land,  was  the  common  method  of 
treatment.  In  the  chemical  precipitation  plants,  of  course,  sludge 
presses  were  used. 

The  writer  would  confirm  Mr.  Hering's  "  impression  *  *  *  that 
Mr.  Philbrick  constructed  his  tanks  and  sewage  disposal  plants  some- 
what earlier  than  1883,"  by  stating  that  he  has  been  informed  from 
other  sources  that  such  is  the  case.  The  writer's  only  reason  for 
adopting  the  date  1883  was  that  the  latter  was  the  date  upon  which 
Mr.  Philbrick  published  in  an  engineering  magazine  a  technical 
article  upon  the  subject,  thus  giving  jjublic  expression  to  his  views 
and  making  them  a  matter  of  "common  knowledge." 

A  few  additional  examples  of  early  tanks  have  been  brought  to  the 
writer's  attention  by  C.  C.  Brown,  M.  Am.  Soc.  C.  E. 
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Mr.  Metcalf.  Tlie  first  is  a  small  disposal  plant  built  upon  the  chemical  precijn- 
tation  system,  designed  by  Mr.  Brown  for  Stamford,  N.  Y.  At  the 
time  that  this  tank  was  btiilt  Mr.  Brown  was  of  the  opinion  that  the 
entire  islaut  was  not  necessary,  and  he  therefore  recommended  the  con- 
striiction  of  the  sedimentation  tanks  only,  with  the  addition  of  some 
baffie-boards  to  prevent  a  direct  surface  current.  The  tank  was  cov- 
ered with  a  plank  roof.     Mr.  Brown  says  of  it : 

"  This  was  really  accidentally  a  septic  tank;  when  I  visited  the  town 
one  or  two  years  after  it  was  constructed,  the  action  of  the  tank  was 
reported  to  be  satisfactory." 

The  second  plant  referred  to  by  Mr.  Brown  was  that  at  Bound  Lake, 
N.  Y. ,  which  was  originally  run  as  a  chemical  plant,  but  which  has 
also  been  operated  to  a  considerable  extent,  as  what  would  now  be 
termed  a  septic  tank.  The  Soldiers'  Home,  at  Bath,  and  the  jilant  at 
Mt.  Vernon  also  make  some  approach  to  this  system.  The  Institution 
for  the  Blind,  at  Batavia,  N.  Y. ,  which  has  one  of  the  German  upward 
filtration  plants,  was  also  modified  somewhat,  and  made  to  approach 
more  nearly  the  septic  tank  arrangement. 

In  regard  to  these  examples,  Mr.  Brown  says: 

"None  of  these  tanks,  with  the  exception  of  the  first  two,  could 
be  classed  as  a  septic  tank,  strictly  speaking,  and  none  of  them  was 
constructed  as  a  septic  tank." 

Mr.  Owen's  remarks  upon  the  patent  question  are  most  timely  ,and 
are  heartily  subscribed  to  by  the  writer.  The  latter  felt,  in  jDresenting 
his  paper,  that  a  broader  question  than  that  indicated  by  the  title  was 
really  involved,  namely,  the  attitude  of  the  engineering  profession 
upon  the  question  of  the  patenting  of  the  methods  and  devices  used 
in  any  engineering  works  by  their  designing.engineer. 

It  is,  perhaps,  a  question  of  legal  rights  verstis  moral  rights  or 
expediency.  No  one  would  question  the  right  of  the  inventor  to 
government  protection  and  to  the  legitimate  enjoyment  and  benefit  of 
his  discovery;  yet,  on  the  other  hand,  it  is  often  hard  to  draw  the  line 
between  true  originality  or  novelty  of  design  and  mere  adaptation  to 
the  x^roblem  in  hand  of  the  knowledge  and  discovery  of  others.  This 
appears  to  be  particularly  true  in  the  field  of  sanitary  science,  which 
has  seen  such  marked  advance  in  the  past  decade.  Who,  for  instance, 
can  say  how  far  reaching  have  been  the  results  obtained  by  the  Massa- 
chusetts State  Board  of  Health  in  their  influence  upon  the  later 
developments  in  the  bacterial  treatment  of  sewage? 

The  United  States  and  Germany  are  the  only  countries  in  which  a 
thorough  search  of  records  is  made  before  granting  patent  rights.  In 
Great  Britain  and  her  colonial  possessions;  in  France,  and  in  other 
countries,  no  assurance  is  implied  in  the  granting  of  patent  rights  that 
the  patent  has  not  been  anticipated.  In  the  United  States,  however, 
an  examination  is  made,  not  only  of  the  specifications  of  the  United 
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States,  but  also  of  those  of  foreign  countries,  and  tlie  scrutiny  is  extended  Mr.  Metcalf. 
to  general  scientific  literature. 

Therefore  the  granting  of  patents  in  this  country  gives  to  claims  an 
authority — bearing  in  mind  the  limitations  of  the  j^atent  office  and  the 
fact  that  existing  jjlants  frequently  fail  of  notice  in  engineering  jour- 
nals— which  the  premises  sometimes  do  not  warrant.  Yet  this 
authority  is  often  sufficient  to  prevent  the  adoption  of  proposed 
engineering  plans  by  municipalities  on  account  of  fear  of  subsequent, 
or  sometimes  threatened,  litigation. 

From  the  point  of  view,  therefore,  of  pi'ofessional  interests,  not 
less  than  of  the  advancement  of  science,  it  would  be  most  unfortunate 
were  American  engineers  to  outgrow  their  old  objection,  or  perhaps 
jirejudice,  to  the  patenting  of  new  or  improved  engineering  methods 
and  devices,  and  to  adopt  the  English  system  of  wholesale  patenting. 
Mr.  Owen  has  presented  the  case,  from  the  standpoint  of  professional 
ethics,  in  a  clear  and  forcible  manner. 
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WITH  DISCUSSION. 

The  recent  comijletion  of  the  north  jetty  at  Coos  Bay,  Ore.,  and  the 
satisfactory  results  following  its  construction  make  it  appear  of  value 
to  give  some  description  of  this  work  and  the  conditions  of  the  entrance 
prior  to  the  commencement  of  operations,  esijecially  as  a  study  of  cer- 
tain methods  of  construction,  satisfactorily  used  here  and  in  neighbor- 
ing localities,  may  be  found  of  some  value  in  designing  works  at  other 
similar  places. 

Coast. — The  Pacific  Coast,  north  of  San  Francisco,  embracing  more 
than  800  miles,  is  not  abundantly  supplied  by  nature  with  suitable 
harbors.  The  Puget  Sound  jiorts  and  the  mouth  of  the  Columbia 
Eiver  on  the  north  and  San  Francisco  Bay  on  the  south  are  the  prin- 
cipal harbors  available  for  deep-draft  and  ocean-going  ships,  and  the 
entire  coast  line  has  few  other  harbors  which  are  susceptible  of  improve- 
ment, at  a  reasonable  cost,  to  the  extent  of  making  them  suitable  for 
more  than  moderate-draft  vessels. 
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This  part  of  the  coast  is  remarkable  for  its  boldness  and  continuity. 
From  Port  Orford,  near  the  California  State  line,  north  to  the  Columbia 
Eiver,  the  coast  is  a  continuous,  almost  unbroken,  line,  but,  even  so, 
consists  of  a  succession  of  bold  headlands  and  sandy  reaches,  broken 
by  but  few  bays  or  rivers.  The  bights  between  the  headlands  are 
filled  out  with  bare  sand  reaches,  -usually  without  vegetable  life  of  any 
kind,  and  frequently  rising  in  dunes  of  considerable  height.  The  action 
of  the  elements  in  wearing  away  the  headlands  seems  to  be  also 
directed  toward  filling  out  the  coast  lying  between  them,  so  that  a 
nearly  continuous  shore  line  is  maintained. 

The  Coast  Eange  of  mountains  lies  close  to  the  line  of  the  coast, 
and  the  headlands  appear  to  be  portions  of  these  mountains  not  equally 
worn  away  by  the  agencies  which  have  eroded  the  remainder.  These 
mountains  are  mostly  soft,  metamorphic  sandstone  of  the  tertiary  age, 
and  are  believed  to  overlie  granite,  from  the  outcrop  at  Point  Reyes, 
In  passing  up  the  coast,  basalt  is  encountered  at  Cape  Foulweather, 
presumably  overlying  this  sandstone  formation.  These  sandstone 
headlands  have  supplied,  by  their  disintegration  and  by  the  erosion  by 
wind  and  sea,  an  abundance  of  fine,  loose  sand  which  is  found  in  great 
quantities  everywhere  along  the  coast  from  Cape  Blanco  to  the  Colum- 
bia Eiver,  and  even  to  Puget  Sound.  The  action  of  the  sea  waves  and 
tidal  currents  upon  the  sand  of  the  ocean  bottom  near  shore  and  the 
action  of  the  wind  above  the  water  line  is  believed  to  have  caused  to  a 
great  degree  the  singular  character  of  the  bays  and  river  entrances 
and  the  existence  of  the  usual  semi-circular  or  crescent-shaped  bars 
across  their  openings  into  the  ocean. 

The  severe  action  on  the  shore  by  the  ocean  waves  during 
storms  is  increased  by  the  sharp  slope  seaward  of  the  ocean  bottom 
and  by  the  lack  of  other  land  for  thousands  of  miles  to  the  westward 
and  southward  to  break  the  force  of  the  seas.  From  the  Columbia 
Eiver  to  beyond  Coos  Bay  the  contour  of  500  fathoms  depth  in  the 
ocean  is  only  about  30  miles  off  shore.  Near  Coos  Bay  the  50-fathom 
contour  is  only  about  5  miles  ofl'  shore,  and  the  1  700-fathom  contour 
is  only  about  50  miles  off  shore.*  Compared  with  many  other  coasts 
this  slope  seaward  is  very  abrupt,  permitting  great  depths  to  be  found 
comparatively  close  in.  This  deep  water  near  shore  and  the  tremen- 
dous reach  of  the  ocean  to  the  westward  and  southward,  whence  come 
*  U.  S.  Coast,  and  Geological  Surveys. 
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the  worst  storms  of  this  region,  are  features  that  help  to  make  this 
coast  one  of  the  most  exposed  in  the  work!.  The  full  force  and  violence 
of  the  waves  is  therefore  directed  against  or  along  this  shore,  unin- 
terrupted by  shoal  water,  and  transmitted  probably  for  hundreds  of 
miles  in  the  open  sea. 

Thomas  Stevenson,  the  English  haVbor  engineer,  has  even  expressed 
in  a  formula  the  relation  between  the  height  and  force  of  waves  and 
the  distance  of  exposure  in  miles  (7*  :=  1.5  y^  d  ). 

Storms. — It  was  thought  for  a  long  time  that  no  harbor  works, 
along  this  part  of  the  Pacific  Coast,  extending  into  the  open  sea,  un- 
less unduly  expensive,  could  withstand  the  force  of  these  waves,  and 
for  this  reason  improvements  at  certain  harbors  were  formerly  attempted 
by  constructing  deflecting  jetties  inside  the  entrances,  where  they 
were  more  or  less  protected,  in  the  hope  that  this  work  would  better 
the  channels  across  the  bars  without  extending  the  construction  beyond 
the  geaeral  line  of  the  shore.  These  works,  unfortunately,  were  only 
partially  siiccessful. 

The  worst  storms  along  this  part  of  the  Pacific  Coast  seldom  make 
a  lee  shore,  but  come  from  the  south  and  southwest,  thus  enfilading 
the  coast.  They  usually  start  in  the  south  or  southeast  and  shift  to 
the  westward  until  they  reach  a  quarter  almost  due  southwest.  In 
the  winter  the  storms  are  occasionally  very  severe  and  often  of  long 
duration,  and  at  this  season  almost  invariably  blow  hardest  and 
longest  from  the  southwest.  In  the  summer,  on  the  other  hand,  the 
wind  is  generally  northwest,  and  the  summer  gales  come  usually  from 
that  quarter.  These  storms  and  winds  often  set  up  a  very  noticeable 
off-shore  current,  said  to  amount  at  times  to  2  knots, which,  accordingly, 
is  northward  in  the  winter  and  southward  in  the  summer,  being  more 
marked  and  of  longer  duration  to  the  northward.  At  certain  localities 
the  conformation  of  the  shore  line  induces  eddy  currents,  opposite  in 
direction  and  closer  in  shore. 

As  to  the  exposure  of  this  portion  of  the  Pacific  Coast,  the  testi- 
mony of  experienced  navigators,  in  1881,  before  a  Board  of  Engineer 
Officers  convened  to  report  on  a  site  for  a  harbor  of  refuge  on  the 
Pacific  Coast,  went  to  indicate  that  there  were  few  localities  in  the 
world  where  the  seas  were  worse  during  storms.  On  the  California 
Coast  these  dangerous  storms  are  less  violent,  less  frequent  and  shorter 
than  on  the  Oregon  and  Washington  Coasts,  but  north  of  California, 
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especially  from  Cape  Blanco  to  Cape  Flattery,  they  are  frequently  very 
violent  and  sometimes  succeed  each  other  in  rapid  succession  for  weeks. 
Some  navigators  give  Cape  Foulweather,  about  100  miles  south  of  the 
Columbia  Eiver  and  100  miles  north  of  Coos  Bay,  as  the  locus  of  the 
worst  storms.  Captain  Maury,  Commander  of  the  Citi/  of  Tokio,  stated 
to  this  Board: 

"■  There  is  no  such  sea  in  the  world  except  south  of  the  two  capes  or 
in  the  Indian  Ocean.  I  have  seen  the  sea  break  in  8  to  10  fathoms.  There 
is  no  comparison  between  the  heaviness  of  the  southwest  sea  on  this 
(Pacific)  coast  and  that  which  has  damaged  the  works  at  Cherbourg  and 
other  places." 

Captain Simijson  stated: 

"  There  may  be  such  swells  in  other  oceans,  but  I  have  never 
seen  them." 

Several  other  vessel  captains  testified  that  they  had  seen  the 
waves  on  this  coast  break  in  8  to  10  fathoms,  and  some  said  they 
had  seen  them  break  in  15  fathoms.  Sometimes  a  heavy  swell  breaks 
on  the  shore  in  a  dead  calm,  probably  the  result  of  a  distant  storm, 
the  propagation  of  the  waves  of  which  is  favored  by  the  great  depth  of 
the  sea.* 

Harbors. — The  character  of  the  harbors  on  the  Oregon  and  Wash- 
ington Coasts  is  noticeably  similar.  In  almost  every  case  the  en- 
trance from  the  sea  is  between  a  high,  bold  headland  on  the  one  side 
and  a  long,  low-lying  tongue  of  sand  on  the  other.  Sometimes  this 
tongue  lies  to  the  northward  of  the  opening,  as  at  Coos  Bay,  and  some- 
times to  the  southward,  as  at  Tillamook  and  Yaquina  Bays  and  the 
mouth  of  the  Columbia  River.  In  all  cases  at  some  distance  out  from 
the  opening  is  to  be  found  a  crescent-shaped  bar,  more  or  less  continu- 
ous, and  usually  comjoletely  encircling  the  entrance.  These  bars,  from 
their  insufficient  depths,  form  the  principal  obstructions  to  these 
harbors,  and  on  account,  also,  of  the  shoal  water  on  these  bars,  the 
waves  during  storms  often  break  entirely  across  the  entrances,  making 
the  crossing  in  or  oat  by  vessels  very  hazardous,  even  when  depths  are 
sufficient;  or,  if  the  seas  are  not  actually  breaking,  the  water  becomes 
so  rough  that  crossing  is  unsafe.  In  such  cases  ships  are  "bar 
bound,"  with  ample  depths  on  the  bar.  The  imiDrovement  of  these 
harbors,  therefore,  usually  contemplates  the  formation  of  a  deeiJ  channel 
through  the  bar  in  some  selected  place. 

*  See  Annual  Report,  Chief  of  Engineers,  1881. 
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Bar  Formation. — The  main  causes  of  the  formation  of  these  bars 
seem  plain.  The  ocean  bottom  along  the  shore  for  some  distance 
seaward  is  composed  of  fine  sand  which  is  easily  moved.  The  waves  of 
the  westerly  and  southwesterly  storms,  in  breaking  oflf-shore,  dislodge 
great  quantities  of  this  sand  and  carry  it  shoreward  to  be  pOed  on  the 
beaches  or  deposited  by  the  waves  and  littoral  currents  in  any  exposed 
openings.  Oftentimes  small  creeks  are  completely  closed  in  this  way. 
In  these  cases  the  damming  effect  of  this  sand  thus  piled  up  goes  on 
until  the  quantity  and  difference  of  head  of  water  inside  the  bar  and 
outside  is  sufficient  to  cut  a  new  channel. 

In  the  mouths  of  large  bays  the  action  is  similar,  the  shoaling 
continuing  most  actively  during  the  storms;  erosion,  however,  to  a 
greater  or  less  extent,  taking  place  afterward  by  the  scour,  due  to  the 
water  jjassing  in  and  out  of  the  bay  on  the  tides.  Unquestionably,  much, 
sand  is  also  carried  into  the  bays  on  the  flood  tides,  and  large  quantities 
of  this  sand  are  then  dej)osited  in  sheltered  places  within  the  bay;  but 
large  quantities  are  also  carried  back  into  the  ocean  on  the  ebb,  the 
well-known  tendency  of  the  channels  in  tidal  estuaries  and  bays,  to 
maintain  their  depths  or  even  deepen  them,  being  usually  su.fficient  to 
prevent  any  deposit  in  the  path  of  the  currents  themselves. 

The  channels,  in  reaching  the  ocean,  are  also  sometimes  crowded  far 
to  the  northward,  as  at  Tillamook  Bay,  by  the  encroachment  of  the 
moving  saud,  due  to  the  southwesterly  storms  and  shore  currents, 
until  the  distance  the  water  is  comi^elled  to  traverse  in  getting  out  of  the 
bay  on  an  ebb  tide  is  enough  to  create  a  hydraulic  head  nearer  the  old 
entrance  sufficient  to  cause  a  new  exit  to  be  cut  out.  In  some  cases,  as 
at  the  mouth  of  the  Nehalem  Eiver,'  the  channel  is  crowded  to  the 
southward  in  a  similar  manner  by  the  building  up  of  the  spit  on  the 
north  side  of  the  entrance.  The  direction  taken  by  the  free  end  of  these 
sand  spits,  as  a  general  thing,  indicates  the  direction  of  the  resultant 
sand  movement  at  that  locality. 

This  bar-forming  action  during  storms  has  been  observed  at  Coos 
Bay,  where  the  action  of  the  waves  in  stirring  up  the  sand  of  the  sea 
bottom  was  plainly  visible  in  the  discolored  waters  off-shore,  and  where, 
on  one  occasion,  during  a  severe  storm,  the  bar  shoaled  4  ft.  in  a  single 
flood  tide  and  scoured  out  again  on  the  next  ebb.  Again,  at  Coos  Bay, 
during  a  long- continued  period  of  southwesterly  storms,  in  November, 
1899,  the  channel  over  the  bar  shoaled  to  9  ft. ,  but  on  the  cessation  of 
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the  storms  during  tlie  next  month  the  scouring  effect  of  the  tides  soon 
removed  this  shoal  doTVTi  to  the  former  depth.  At  the  Siuslaw  Eiver, 
the  entrance  is  continually  being  forced  northward,  in  all  for  a  distance 
of  over  a  mile,  by  the  constant  movement  of  the  sand.  This  action 
continites  during,  perhajis,  several  seasons,until  the  channel  finally  breaks 
through  the  bar  thus  formed,  opening  a  new  exit  farther  to  the  south- 
ward, which  again  passes  through  a  similar  cycle. 

It  thus  appears  that  at  all  these  harbors  there  are  two  main 
forces  constantly  at  work,  one,  the  effect  of  the  waves,  usually  in 
westerly  storms,  and  of  the  local  littoral  currents,  to  fill  up  or 
shoal  the  entrances  to  the  rivers  and  bays,  and  the  other,  the  scour- 
ing effect  of  the  tides  passing  in  and  out,  tending  to  keep  the 
entrances  open.  If  there  were  no  tidal  action,  the  openings  into  the 
bays  would  probably  close  more  or  less  completely,  depending  on  the 
amotint  of  fresh  water  passing  out,  and  if  there  were  no  shoaling 
action  of  the  sea  and  shore  currents,  the  tidal  scour  would  be  likely  to 
maintain  entrances  of  ample  depths.  The  extent  of  this  tidal  action, 
of  course,  is  limited,  and  its  location  and  amount  are  governed  very 
largely  by  such  features  as  the  extent  of  the  tidal  prism  within  the 
bay,  the  shape  of  the  harbor  throat  or  entrance  and  the  existence  of 
littoral  currents  in  the  ocean  outside.  On  an  ebb  tide  the  volume  of 
water  passing  out  throiTgh  the  harbor  throat,  where  the  width  is 
naturally  contracted,  has  a  bottom  velocity  usually  enough  to  scour 
and  maintain  considerable  depths.  At  Coos  Bay  these  depths  are  in 
places  as  much  as  60  ft.  in  the  harbor  throat,  and  the  surface  veloci- 
ties observed^are  often  as  much  as  4^  miles  per  hour.  When  this  tidal 
stream,  however,  is  free  to  change  direction  and  diverge  on  emerging 
into  the  ocean  the  consequent  changes  of  direction,  the  meeting  with 
outside  currents,  or  the  absorption  of  the  energy  of  the  nioving  water 
by  the  ocean,  reduces  the  velocity  and  widens  its  area  of  application 
over  the  entire  crest  of  the  bar,  so  that  the  scouring  and  transporting 
effect  of  the  water  is  thus  dissipated.  "When  the  velocities  of  the  ebb 
tide  are  reduced  in  the  ocean  so  as  no  longer  to  pick  up  and  move  out- 
ward the  particles  of  sand  composing  the  bottom,  the  bar  is  no  longer 
eroded.  This,  in  a  certain  measure,  explains  the  usual  crescentic 
shape  of  most  of  these  bars. 

It  may,  therefore,  be  broadly  stated  that  the  bars  lying  in  front  of 
the  Pacific  Coast  harbors  are  apparently  mainly  caused  by  the  result- 
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ant  action  of  the  sea  on  the  one  hand  and  that  of  the  tides  on  the 
other,  while,  in  all  cases,  the  deposit  of  silt  or  other  matter  in  suspen- 
sion brought  down  by  fresh-water  currents,  as  at  the  mouth  of  the 
Mississippi,  is  a  means  of  building  wp  a  bar  that  appears  to  be  of  no 
special  importance  in  this  region. 

Improvement. — This  diagnosis  of  the  difficulty  suggests  the  remedy. 
As  the  forces  going  to  build  up  the  bars  are  intermittent,  but  con- 
stantly recurring,  no  temporary  expedient,  such  as  dredging,  woiild 
be  of  any  special  value,  owing  to  the  extreme  likelihood  of  such  work 
being  completely  nullified  by  the  effect  of  a  single  severe  storm.  Any 
improvement,  to  be  valuable,  must,  therefore,  affect  the  causes  which 
make  the  bar,  and  control  the  other  natural  forces  constantly  at  work, 
so  as  to  maintain  the  desired  depths.  If  works  can  be  devised  to  pre- 
vent the  encroachment  of  the  sand  on  the  channel  and  at  the  same 
time  jirevent  the  divergence  and  dissipation  of  the  effect  of  the  ebb 
tides,  by  confining  and  directing  these  tidal  currents  at  a  selected 
point  of  the  bar,  improvement  may  be  confidently  expected. 

The  method  of  accomplishing  this  by  Jetties  was  first  commenced 
on  the  Pacific  Coast  in  1881,  at  Yaquina  Bay,  lying  on  the  Oregon 
Coast,  about  88  miles  north  of  Coos  Bay.  Here,  the  entrance  to  the 
bay  in  its  original  condition  was  obstructed  by  the  usual  enveloping 
bar  on  which  the  best  depths,  the  greater  part  of  the  time,  were  only 
7  ft.  at  mean  lower  low  water.  The  best  depths  were  found  usually 
in  a  north  channel  and  in  a  south  channel,  both  sharply  skirting  the 
shore  in  opposite  directions  before  turning  seaward.  Occasionally, 
depths  even  better  than  this  were  found,  but  they  invariably  relapsed 
into  their  Tisual  condition. 

The  construction  of  a  single  south  jetty  was  determined  on  first,  to 
close  the  south  channel  and  direct  this  volume  of  water  over  the  bar 
at  such  a  point  as  to  produce  a  new  entrance  along  a  line  nearly  due 
west.  This  location  was  chosen  partly  with  a  view  tu  make  it  easier 
for  vessels  in  passing  in  and  out.  The  construction  of  the  south  jetty 
seemed  suflBcient  to  shut  ofl:"  the  supply  of  moving  sand,  borne  north- 
ward along  the  coast  by  the  currents  and  by  racing  waves  in  storms, 
but  did  not  give  the  requisite  amount  of  contraction  and  direction  to 
the  ebb  tide,  as  much  water  escaped  through  the  old  north  channel 
which  it  was  later  found  necessary  to  close  before  much  improvement 
on  the  bar  resulted. 


PLATE   XII. 

TRANS.  AM.  SOC.   CIV.   ENQRS. 

VOL.   XLVI,    No.  910. 

HARTS  ON  COOS  BAY   HARBOR   IMPROVEMENT. 


Fig.  1.— General  View  of  Jetty,  Coos  Bay,  Ore. 


Fig.  2.— General  View  of  Loading  Wharf,  Coos  Bay,  Ore. 
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It  was  stated  before  commencing  work  that  the  improved  de^ith 
that  could  be  expected  would  be  at  least  10  ft.  at  mean  lower  low  water, 
or  17  ft.  at  mean  high  tide.  After  the  completion  of  the  south  jettv,  but 
long  before  the  completion  of  the  north  jetty  in  1896,  a  channel  straight 
out  to  sea  having  a  least  depth  of  14  to  15  ft.  at  mean  lower  low  water, 
or  21  to  22  ft.  at  high  tide  (the  mean  tidal  rise  above  mean  lower  low 
water  at  this  harbor  being  7.1  ft.),  was  produced  by  the  jetties,  which 
depths  have  been  maintained  ever  since,  with  the  exception  of  a  short 
period  in  the  spring  of  1899,  when  temporary  shoaling  of  about  2  ft. 
was  reported. 

These  jetties  were  the  pioneers  of  the  Pacific  Coast  harbor  works. 
Here,  for  the  first  time  on  this  coast,  rip-rap  jetties  were  extended  out 
into  the  open  sea.  Even  in  the  manner  of  construction,  the  jetties  at 
Yaquina  Bay  developed  the  type  found  so  useful  elsewhere  on  this 
coast.  At  first,  it  was  attempted  to  build  the  rock  jetties  from  scows 
and  lighters,  as  is  done  on  places  on  the  Atlantic  and  GuU  Coasts. 
The  effect  of  the  heavy  seas  encountered  was  too  great.  Likewise,  the 
plan  of  using  cribs  was  doomed  to  failure.  The  plan  finally  adopted, 
first  used  here  in  the  United  States,  was  the  invention  of  J.  S. 
Polhemus,  M.  Am.  Soc.  C.  E.,  Assistant  Engineer,  in  local  charge  of  the 
work.  It  consisted  in  building  a  tramway  from  shore,  20  or  more  feet 
above  the  water,  carrying  double,  narrow-gauge  tracks,  on  which  the 
stone  for  the  enrockment  was  carried  in  small  cars  hauled  by  a  locomo- 
tive. This  tramway  required  the  use  of  a  pile-driver  running  on  the 
tramway,  overhanging  far  enough  to  drive  the  piles  of  the  next  bent 
beyond  the  existing  end  of  the  tramway. 

At  Yaquina  Bay,  also,  the  plan  of  building  brush  mattresses  while 
they  were  suspended  under  the  tramway,  also  the  invention  of  Mr. 
Polhemus,  was  first  adopted  in  the  United  States.  The  general  methods 
of  doing  work  which  were  originated  here,  although  improved  in  many 
minor  ways  afterward,  have  never  been  far  departed  from  in  similar 
works  on  this  coast.  This  work  at  Yaquina  Bay  has  been  eminently 
successful,  from  an  engineering  j)oint  of  view. 

The  use  of  two  jetties  converging  seaward,  found  so  satisfactory  at 
Yaquina  Bay,  has  been  influential  in  causing  to  be  included,  in  the 
projects  for  the  improvement  of  most  of  the  Pacific  Coast  harbors  now 
tinder  this  kind  of  improvement  by  the  Government,  the  provision  for 
a  second  jetty,  should  a  single  one  prove  insufficient.     At  Humbolt 
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Bay,  Cal.,  Yaqiiina  Bay  and  Coquille  River,  Ore.,  two  jetties  have 
already  been  found  necessary,  while  at  Coos  Bay  and  Columbia  River, 
Ore.,  and  Grays  Harbor,  Wash.,  the  natural  conditions  are  such  that 
one  jetty  has  already  accomplished  so  much  improvement  that  the 
necessity  for  the  second  jetty  is  not  yet  apparent. 

There  are  good  grounds  for  believing  that  a  single  jetty  performs 
only  a  partial  service,  but  at  the  Columbia  River  the  rocky  point 
at  Cape  Disappointment  acts  as  a  second  natural  jetty,  and  at  Coos 
Bay  this  partial  service  performed  by  one  jetty  has  been  sufficient 
thus  far,  while  at  Grays  Harbor  the  same  favorable  results  are 
promised  by  a  partial  control  of  the  ebb  currents.  The  trace  of 
the  jetties,  which  side  of  the  entrance  to  build  from  first,  the 
length  to  which  they  should  be  extended,  the  distance  apart  at 
their  outer  ends,  are  all  questions  upon  which  local  considerations 
have  so  much  bearing  that  it  does  not  seem  possiV)le  to  formulate 
any  fixed  rule  for  them.  The  questions  for  an  engineering  solution 
must  also  be  afi'ected  by  consideration  for  the  needs  of  navigation; 
for  the  easy  use  of  the  improved  channels  by  vessels  is  of  prime 
importance. 

Objections.— The  supposed  need  of  extending  the  jetties  seaward 
from  time  to  time,  to  meet  the  advancement  of  the  foreshore  caused 
by  the  jetties,  is  given  by  some  as  an  objection  to  this  i^lan  of  improve- 
ment. Such  jetty  extension  has  been  found  necessary  already  at  the 
mouth  of  the  Columbia  River  to  maintain  the  imj)roved  depths,  but 
nowhere  else  thus  far  on  this  coast.  The  sand  collecting  in  the  groin 
or  angle  between  the  jetty  and  shore  causes  at  first,  in  nearly  every 
case,  a  rapid  advancement  seaward  of  both  the  high-  and  low-water 
lines.  This  sand  also  backs  up  the  jetty,  usually  rendering  a  very 
light  rubble  wall  ample  in  strength  for  all  purposes.  The  objection 
is  made  that  on  account  of  this  action  the  jetties  only  transfer  the 
original  trouble  to  another  place  by  pushing  the  shore  lines  and 
the  bar  farther  seaward,  as  soon  as  the  collected  sand  has  filled  the 
groins.  This  objection  is  not  very  well  sustained  by  the  evidence  of 
the  facts.  While  it  may  not  be  possible  in  every  case  to  determine 
beforehand  exactly  the  length  of  jetties  necessary  for  the  permanent 
imj^rovement  of  a  special  locality,  it  appears  only  reasonable  to  believe 
that  there  is  a  length  for  each  harbor  on  this  coast  beyond  which  it 
will  not  be  necessary  to  extend  them,  the  effect  of  the  littoral  currents 
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Fig.  1.— Near  View  of  Enrockment,  Coos  Bay  Jetty. 


Fig.  2.  — Unloading  Stonp:  fimm  Scows.  Cods  Bay  Jktt'i 
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and  wave  action  at  theii-  ends  being  siifficient  to  keep  the  entrances 
clear. 

It  is  undeniable  that  the  construction  of  jetties  at  the  month  of  a 
bay  produces  a  violent  change  in  the  natural  condition  of  the  entrance, 
and  that  it  requires  some  time  for  the  natural  forces  to  find  a  new 
equilibrium;  but  at  Yaquina  Bay,  the  oldest  improvement  on  this 
coast,  the  advancement  of  the  shore  line  has  stopped,  and,  for  more 
than  seven  years,  depths  considerably  in  excess  of  those  stated  for  the 
project  have  been  maintained.  There  is  no  evidence  that  any  exten- 
sion of  the  jetties  at  this  jjlace  will  be  needed  to  continue  this  favor- 
able condition  indefinitely.  It  is  believed  that  at  other  similarly 
improved  harbors,  as  soon  as  the  proper  length  of  jetties  is  secured, 
a  similar  stable  condition  will  eventually  obtain. 

Other  engineers  have  feared  that  two  jetties  interfered  with  the 
easy  influx  of  the  flood  tide,  and  might  damage  the  interior  of  the  bay 
by  lowering  the  high-tide  level  and  lessening  the  scour.  This  result 
has  not  been  found  in  practice  on  this  coast.  On  account  of  the 
improved  channel  through  the  bar,  caused  by  the  jetties,  or  for 
other  reasons  not  understood  fully,  the  mean  tidal  range  has  been 
noticeably  increased  at  Coos  Bay  and  at  the  Coquille  River,  while  at 
Yaquina  Bay  no  reduction  in  tidal  range  is  noticeable.  It  is  of 
course  conceivable  that  in  laying  out  the  plan  for  jetties  the  distance 
apart  at  their  outer  ends  might  be  made  too  small,  but  with  double 
jetties  projDerly  designed  it  ajapears  that  no  further  eff"ect  is  pro- 
duced than  would  be  caused  by  moving  the  throat  or  the  gorge  to  a 
new  point. 

Description  of  Coos  Bay. — Coos  Bay  lies  on  the  Pacific  Coast  of  Ore- 
gon, about  200  miles  south  of  the  mouth  of  the  Columbia  River,  and 
about  440  miles  north  of  San  Francisco.  It  is  the  most  important 
harbor  between  San  Francisco  and  the  Columbia  River,  excepting, 
perhaps,  Humbolt  Bay,  in  Northern  California,  the  commercial  value 
of  which  is  somewhat  greater.  Coos  Bay  derives  its  commercial  im- 
portance principally  from  the  beds  of  coal  and  extensive  timber  lands 
found  in  close  proximity  to  the  bay,  which  furnish  the  chief  exports. 
The  coal  is  not  of  the  best  quality,  being  a  lignite,  but  in  the  great 
scarcity  of  coal  on  this  coast  these  measures  are  valuable.  Large 
forests  of  Oregon  fir,  much  white  cedar  and  considerable  myrtle  are 
found  in  the  vicinity. 
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The   commerce   of   the  bay  during  the  calendar  year  1899  was  as 
shown  in  Table  No.  1. 

TABLE  No.  1. — Receipts  and  Shipments,  Coos  Bay,  Oke.,  for  1899. 


Articles. 

Tons. 

Articles. 

Tons. 

Receipts. 
Miscellaneous  freight 

10  460 

Shipments — ( Continued ) . 

100  396 

501 

Shipments. 

56  717 
40  625 

50 

164 

2  553 

5 

Butter  and  cheese 

554 

Coal 

84 

Lumber  (27  082  815  ft.  B.  M.) . . 

269 

Laths 

Fish 

485 

Fu-ewood 

Woolen  goods 

56 

Matchwood 

3  762 

Total  shipments. 

Cranberries 

106  107 

100  396 

The  value  of  this  commerce  is  estimated  at  ^2  558  000. 

The  only  connection  between  the  area  tributary  to  Coos  Bay  and 
the  outside  world  is  by  water,  there  being  nothing  thus  far  but  wagon 
roads  (almost  impassable  in  winter)  over  the  Coast  Mountains  connect- 
ing with  the  rail  lines  of  the  Southern  Pacific  Railroad  between  Port- 
land, Ore. ,  and  San  Francisco,  Cal.  Practically  all  the  commerce  of 
this  region,  therefore,  jaasses  over  the  Coos  Bay  bar. 

Surveys  of  Coos  Bay,  made  in  1863,  1879,  1885,  1894  and  1899,  are 
shown  in  Figs.  1  to  5. 

The  tidal  area  of  the  bay  is  21  sq.  miles.  There  are  no  rivers  of  any 
special  importance  emptying  into  it.  The  mean  range  of  the  tide  at 
the  bar  is  4.8  ft.  The  average  mean  discharge  on  an  average  ebb  tide 
is  estimated  to  be  about  133  000  cu.  ft.  per  second.  The  discharge  on 
neap  tide  is  96  000  cu.  ft.  jier  second,  while  that  on  maximum  tides  is 
about  310  COO  cu.  ft.  per  second;  ranges  of  8  ft.  above  zero  and  2  ft. 
below  zero  being  occasionally  observed  in  a  single  day.  Surface 
velocities  of  4^  miles  per  hour  on  low  ebb  tides  have  been 
observed.  The  entrance  to  the  bay  from  the  ocean  lies  between 
a  high,  rocky  headland  on  the  south  called  Coos  Head,  and  a  long, 
low  sand  sj^it  on  the  north;  the  width  of  the  opening  at  the  natural 
throat  or  gorge  being  about  1  900  ft.  Coos  Head  is  a  bold,  tim- 
bered headland  about  60  to  80  ft.  above  low  water,  and  is  composed 
of  a  soft,  argillaceous  sandstone.  It  extends  to  the  southward  for  a 
couple   of  miles,  terminating   at  Cape  Arago,  where  the  Government 
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maintains  a  liglithouse.  The  sand  S23it  to  tlie  north  of  the  entrance 
is  about  6  miles  long  and  from  h  mile  to  1^  miles  wide,  with  hillocks 
or  dunes  of  from  20  to  30  ft.  in  height.  It  separates  the  bay  from  the 
ocean.  The  sand  beach,  of  which  this  spit  is  the  southern  end, 
extends  unbroken  to  the  Umpqua  River,  a  distance  of  20  miles  to  the 
north. 

In  its  original  condition,  the  sand  bar  in  the  ocean,  obstructing 
the  entrance  to  the  bay,  carried  depths  of  usually  not  over  9  ft.  at 
low  water,  as  shown  in  the  surveys  of  1863  and  18S5.  Occasionally, 
better  depths  would  prevail,  when  new  and  more  direct  channels 
through  the  bar  were  scoured  out,  but  they  were  temporary  only. 
The  channel  was  likewise  as  subject  to  variation  in  location  as  in 
depth.  The  encroachment  of  the  sand  of  the  north  sj^it  oftentimes 
forced  the  portion  of  the  channel  just  inside  the  entrance  down  into 
the  opening  into  South  Slough  (see  survey  of  1879,  Fig.  2),  and  the 
currents  thus  impinging  against  Coos  Head  were  turned  sharply  to  the 
northward. 

This  tendency  of  the  north  sj^it  and  that  of  the  south  sjoit  to  extend 
themselves  across  the  entrances  were  two  influences  which  helped  to 
keep  the  channel  in  its  northern  location.  This  action  continued  until 
the  channel,  after  emerging  from  the  entrance,  frequently  had  a  loca- 
tion following  close  to  the  west  side  of  the  north  spit  for  over  a  mile 
before  turning  to  sea.  This  location  usually  gave  insufficient  depths, 
'  on  account  of  the  great  waste  of  the  ebb  over  the  long  bar,  in  addition 
to  forcing  vessels  to  pass  "bi-oadside  on  "  to  the  heavy  seas  for  over  a 
mile  before  being  able  to  cross  out  to  sea.  The  survey  of  1879  shows 
this  channel  crossing  what  is  now  the  line  of  the  present  jetty,  nearly  a 
mile  inside  of  its  present  sea  end.  Occasionally,  in  severe  storms,  this 
north  channel  would  be  closed  at  its  outer  end,  and  a  new  channel  would 
then  break  through  the  bar  on  a  line  nearly  west  from  Guano  Eock.  In 
this  location  best  depths  were  always  found;  occasionally,  as  much  as 
80  ft.  at  high  water  being  rejjorted.  This  is  practically  the  line  of  the 
present  improved  channel.  This  new  location  and  depth  would  last 
usually  but  a  short  time,  the  channel  then  working  again  to  the  north- 
ward in  its  cyclic  change  of  position. 

In  addition  to  the  sand  carried  into  the  bay  by  storms  and 
currents,  great  quantities  were  blown  in  during  the  summer  by 
northwest    winds.       This    sand,     coming    originally    from    the  ocean 
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bottom,  and  having  been  thrown  up  on  the  beach  in  storms,  after 
drying  in  the  air,  is  easily  picked  up  by  the  wind,  and  great  quan- 
tities are  blown  into  the  bay.  Some  of  it  is  deposited  in  the  bay, 
and  much  of  it  is  carried  by  the  tidal  currents  out  to  sea  where  it  is 
deposited  on  the  bar  or  again  thrown  on  the  beach,  to  again  pass 
through  this  cycle.  The  checking  of  this  action  was  an  additional 
problem. 

Plans  of  Improvement. — The  earliest  plan  of  improvement,  adopted 
in  1879,  was  by  the  construction  of  a  jetty  inside  the  entrance, 
where  it  was  jjrotected  from  storms,  and  extending  nearly  westward 
from  Fossil  Point  (see  1885  map.  Fig.  3).  This  jetty  was  built  of 
rip-rap  rock  to  a  length  of  over  1  700  ft.,  and  caused  a  cutting  away 
of  the  end  of  the  north  spit,  but  had  no  useful  effect  on  either  the 
direction  or  dej)th  of  the  bar  channel.  This  project  was  abandoned 
in  1889. 

The  present  plan  of  improvement  of  Coos  Bay  was  devised  in  1889 
by  a  Board  of  Officers  of  the  Corps  of  Engineers,  U.  S.  Army,  consist- 
ing of  Colonel  G.  H.  Mendell,  Major  W.  H.  Jones  and  Major  Thomas 
H.  Handbury.  This  project  i^rovided  for  the  construction  of  two 
high-tide,  rubble-stone  jetties,  laid  as  far  as  practicable  on  brush  mat- 
tresses, one  extending  out  from  Coos  Head,  a  distance  of  4,200  ft.,  and 
one  from  the  southernmost  end  of  the  north  spit,  9  600  ft.  long,  both 
converging  toward  the  bar  and  terminating  at  a  distance  apart  at  their 
outer  ends  of  1  500  ft.  The  function  of  these  jetties  was  to  control  the 
sand  movement  at  the  entrance  to  the  bay,  to  direct  the  tidal  scour 
upon  a  special  part  of  the  bar,  with  the  expectation  of  securing  a 
minimum  depth  of  20  ft.  over  the  bar  at  mean  lower  low  tide,  and 
afford  an  entrance  along  the  most  navigable  lines.  The  project  also 
included  experiments  looking  to  the  holding  of  the  sands  of  the  north 
spit  by  means  of  suitable  grasses,  trees  or  sand  fences,  as  seemed  best, 
with  a  view  to  reclaiming  this  sand  spit  and  checking  the  drifting 
sand.  The  total  cost  was  estimated  at  iB2  466  412.  Between  Septem- 
ber 19th,  1890,  and  March  3d,  1899,  inclusive,  five  appropriations, 
amounting  to  !$675  000,  were  made.  This  amount  has  now  completed 
the  north  jetty  as  planned  at  less  than  half  the  estimated  cost. 

After  a  careful  study  of  the  local  conditions,  it  was  considered  best 
to  build  the  north  jetty  first,  leaving  the  south  jetty  to  be  constructed 
when  the  needs  of  the  harbor  made  it  necessary.     In  this  way,  the  large 
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and  more  imijortant  quantity  of  moving  sand  could  be  checked  and 
imj)oiinded,  as  well  as  the  tendency  of  the  channel  to  turn  to  the  north 
stopped.  It  was  clearly  evident  that  the  north  jetty  would  certainly 
be  necessary,  but,  before  commencing  work,  it  was  not  so  plain  that 
the  south  jetty  could  not  be  disjjensed  with. 

The  line  of  the  north  jetty  follows  the  general  line  of  the  shore  end 
of  the  north  spit,  in  a  curve  of  large  radius,  until  it  reaches  a  point 
1  900  ft.  from  Coos  Head,  from  which  it  runs  out  to  sea  in  a  westerly 
direction  along  a  straight  line.  The  total  length  of  the  jetty  is  9  600 
ft.,  the  outer  end  being  stopped  on  what  was  originally  the  20-ft.  con- 
tour before  construction  commenced,  or  just  short  of  the  bar  proper, 
it  being  assumed  that  the  energy  of  the  current,  conserved  and  dii-ected 
by  the  jetty,  would  be  effective  at  a  considerable  distance  beyond  the 
jetty's  end.  On  quiet  days  at  low  ebb,  the  current,  running  straight 
to  sea,  is  now  plainly  traceable  for  a  long  distance  beyond  the  end  of 
the  jetty.     A  general  view  of  the  jetty  is  shown  in  Fig.  1,  Plate  XII.* 

Construction. — The  jetty  construction  consisted  in  dropping  along 
the  line  of  the  jetty  large  rocks  loaded  on  cars  from  scows  and  drawn 
out  by  a  locomotive  along  the  track  on  the  overhead  tramway.  The 
tramway  was  built  on  pile  bents,  each  consisting  of  four  heavy  piles 
driven  20  ft.  or  more  into  the  sand  bottom,  and  capped  with  a 
12  X  12-in.  X  22-ft.  fir  stick  and  sway-braced  by  3  x  9-in.  pieces  of  fir. 
Along  these  caps  were  placed  four  stringers,  12  x  16  ins.  x  32  ft.,  break- 
ing joints,  and  on  these  were  laid  30-lb.  steel  rails  for  the  tracks. 
Originally,  no  ties  were  used,  but  later,  when  a  greater  speed  for  the 
trains  was  desirable,  3  x  6-in.  ties  were  put  in.  These  two  tracks  were 
each  of  3-ft.  gauge,  and  were  spaced  13  ft.  apart,  center  to  center. 
The  track  started  with  an  elevation  of  22  ft.  above  low  water  at  the 
receiving  wharf,  but  rose  on  a  slight  up-grade  until  a  height  of  28  ft. 
above  low  water  was  reached  at  the  outer  end.  This  was  the  least 
height  at  which  work  coiild  be  carried  on  without  much  interruption 
from  the  waves. 

All  piles  were  sunk  into  place  by  means  of  a  hydraulic  jet  oj^erat- 
ing  from  a  revolving  pile-driverf  running  on  the  four  rails,  and  having 
enough  overhang  to  drive  a  new  bent  16  ft.  in  advance  of  the  end  of 

*  See,  also,  paper  by  T.  W.  Symons,  M.  Am.  Soc.  C.  E.,  entitled  "  Jetty  Harbors  of 
the  Pacific  Coast,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxviii,  Plate  xxiv. 

t  A  view  of  this  pile-driver  may  be  found  in  Mr.  Symons'  paper,  "  Jetty  Harbors 
of  the  Pacific  Coast,"  in  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxviii,  Plate  xxii. 
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the  rails.  The  piles  were  18  to  20  ins.  in  diameter  at  the  butt,  and 
varied  in  length  from  45  ft.  at  the  shore  end  of  the  jetty  to  80  ft.  at 
the  outer  end  of  the  tramway.  They  were  sunk  to  grade,  so  that  no  cut- 
off was  necessary,  thus  considerably  expediting  the  work.  As  many  as 
five  bents  were  placed  in  a  single  day,  under  favorable  conditions,  and 
1  260  ft.  of  tramway,  complete,  were  constructed  in  one  month. 

This  tramway  construction  caused  a  scour  around  the  i^iles  as  fast 
as  built,  so  it  was  followed  as  soon  as  practicable  with  brush  mat- 
tresses to  hold  the  bottom  until  the  rock  could  be  dumjoed.  These 
mattresses  consisted  of  brush  fascines,  or  round  bundles,  20  ft.  long 
and  about  1  ft.  in  diameter.  They  were  bound  together  into  mattresses 
between  layers  or  grillages  of  jDoles  after  being  brought  to  the  needed 
thickness  by  laying  several  layers  of  fascines  at  right  angles.  At  each 
pole  crossing,  the  upper  and  lower  pole  grillages  were  bound  tightly 
together  with  stout  rojie  lashings  passing  through  the  body  of  the 
fascines,  in  this  way  compacting  the  mattress.  The  mattresses  to  be 
placed  between  the  outside  rows  of  piles  were  made  below  the  tracks, 
the  lower  layer  of  poles  upon  which  the  mattress  was  built  being  sus- 
pended for  this  purpose  from  the  tramway  by  ropes.  Upon  completion, 
the  mattress  was  lowered  to  place,  weighted  with  small  rock  and  sunk. 
The  side  mats  were  made  on  shore,  brought  out  on  a  car,  dumped  over- 
board, pulled  into  place  by  lines,  weighted  with  small  rock  and  sunk 
in  place.  The  side  mattresses  were  usually  about  20  ft.  square,  and  the 
center  ones  were  from  48  to  80  ft.  long  by  20  ft.  wide.  They  were  usually 
made  from  3  to  5  ft.  thick.      The  main  enrockment  then  followed. 

The  rock  was  in  pieces  weighing  on  an  average  about  2  tons*,  and 
was  a  sandstone  of  only  moderate  hardness,  weighing  about  145  lbs.  per 
cubic  foot.  It  was  quarried  on  Coos  River,  about  2B  miles  from  the  jetty. 

Seven  scows,  costing  about  $2  000  each,  and  each  carrying  about 
290  tons,  were  built  for  this  work  by  the  Government.  These  were 
loaded  and  towed  to  the  jetty,  so  that  two  scows  each  day  could  be 
unloaded.  For  several  months,  deliveries  of  16  000  tons  per  month  on 
the  jetty  were  made,  under  favorable  conditions.  Up  to  1896  the 
Government  contracted  for  supplying  the  rock  on  scows  at  the  receiv- 
ing wharf  on  the  north  spit  and  unloaded  it  by  hired  labor,  but,  after 
this  date,  contracts  were  made  for  the  stone  in  place  on  the  jetty. 

*  A  view  of  the  dump  cars,  loaded  with  roclv,  may  be  found  in  Mr.  Symons'  paper, 
"Jetty  Harbors  of  the  Pacific  Coast,"  in  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxviii, 
Plate  xxiii. 
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Dumping  from  both  tracks  continued  until  the  mound  was  well 
above  high- water  line,  an  extra  amount,  to  provide  for  beating  down  by 
waves,  being  placed  at  the  outer  end  when  that  jiart  was  built.  The 
slopes  were  those  which  the  enrockment  took  naturally  under  wave 
action.  Sections  recently  made  at  the  outer  end,  where  the  worst 
wave  action  takes  place,  show  that  below  a  level  of  15  ft.  below  mean 
lower  low  water  the  slope  is  about  1  on  1,  but  above  this  level  the 
sloi3es  were  about  1  on  3.  Two  15-ton  derricks  were  used  on  the  wharf 
in  unloading,  the  stone  being  measured  at  first  by  water  displacement 
of  scows,  but  later  by  track  scales.  The  latter  method  is  by  far  the 
more  satisfactory,  both  to  the  contractors  and  the  Government. 

The  dump  cars*  were  of  a  special  pattern,  designed  by  Mr.  A.  Sey- 
mour Fleet.  They  were  arranged  so  that  the  car  platform  was  remov- 
able, making  a  skip  that  could  be  loaded  on  the  scow  and  then  hoisted 
to  place  on  the  car.  The  skip  when  in  place  on  the  car  was  swung  on 
horizontal  trunnions  so  that  when  loaded  the  equilibrium  was  unstable, 
the  skip  and  the  load  being  held  in  position  by  a  rack  and  pinion  worked 
by  a  worm  gear  at  one  end  of  the  car.  This  worm  gear  was  arranged  so 
that  the  stone  when  once  started  could  be  dumped  on  either  side  by  turn- 
ing the  worm;  the  gear  could  be  thrown  out  of  action  by  removing  a  pin, 
allowing  the  stone  to  go  by  the  run.  The  center  of  gravity  of  the  empty 
car  platform  was  so  placed  that  its  weight  tended  to  return  it  to  place. 
This  design  made  it  possible  for  one  man  to  dump  a  train  of  six  or  seven 
cars  in  a  few  minutes.  Cars  of  this  pattern  were  used  extensively  on  the 
Columbia  River  jetty,  where  they  were  likewise  found  very  satisfactory. 

Cost. — The  entire  plant  used  on  this  work,  with  its  original  cost, 
consisted  of  the  following: 

20  geared  dump  cars,  at  about. S800  each.       $16  000 

2  Baldwin  narrow-gauge  locomotives,  at        3  500      "  7  000 

1  Fairbanks  track  scales 400 

2  15-ton  Lidgerwood    hoisting    engines 

and  derricks,  at 2  000      "               4  000 

7  300-ton  deck  scows,  at 2  000     "            14  000 

1  towboat 10  000 

1  revolving  track  pile-driver,  entire ....  12  000 
Wharves,   buildings  and  small  tools, 

about , 11  600 

Total $75  000 

*  A  view  of  the  dump  cars,  loaded  with  rock,  may  be  found  in  Mr.  Symons'  paper, 
"Jetty  Harbors  of  the  Pacific  Coast,"  in  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxviii, 
Plate  xxiii. 
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The  detailed  cost  of  the  work  was  aiiproximately  as  follows: 

Brush  fascines $1.75  to  S2.25  per  cord. 

Poles 17 J  cents  each. 

Piles  delivered  in  rafts  at  the  work..  .  .3|  to  5^  cents  per  linear  foot. 

Eails,  30  lbs.  per  linear  yard $48  per  ton  delivered. 

Common  labor,  $1.75  to  $2.00  per  day,  and  other  labor  in  propor- 
tion. 

The  jetty  tramway,  complete,  but  exclusive  of  superintendence  or 
plant,  cost  $8.25  to  $4.60  per  linear  foot,  depending  on  the  length  of 
the  piles  used.     The  average  cost  was  $3.60  per  linear  foot. 

The  average  cost  of  the  mattresses  in  place  was  78  cents  per  cubic 
yard. 

The  average  cost  of  the  stone  was  60  cents  per  ton,  made  up  as 
follows : 

Quarrying  and  loading  on  scows 38  cents  jDer  ton. 

Towing  to  jetty 9     "  " 

Unloading  and  dumping  in  place 13     "  " 

Total 60     " 

The  total  cost  of  the  jetty  was  about  $70.30  per  linear  foot,  the 
average  quantity  of  stone  per  linear  foot  being  67  tons.  The  outer  1  000 
ft.  have  taken  much  more  than  the  average,  850  tons  per  linear  foot  for 
this  distance  being  placed.  This  has  been  mainly  to  make  up  for  subsi- 
dence caused  by  storms. 

The  average  cost  per  linear  foot  shows  very  favorably  when 
compared  with  others  on  this  coast: 

Yaquina  Bay,  cost $106.20  j^er  linear  foot. 

Coquille  River,  cost 70.68        "  " 

Columbia  River,   "   87.00 

Humbolt  Bay,        "    141.50 

It  may  be  stated,  however,  that  conditions  for  quarrying  and  trans- 
porting stone  at  Coos  Bay  are  very  favorable  for  this  kind  of  work. 

Results. — In  extending  the  jetty,  but  little  effect  on  the  bar  was 
noticed  until  the  old  swash  channel  to  the  north  of  the  entrance  was 
closed  in  1892.  From  this  time  on,  as  the  jetty  was  extended,  the  effect 
on  the  bar  was  more  favorable  with  each  extension.     In  1893,  the  depth 
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desired,  viz.,  20  ft.,  at  mean  lower  low  water,  was  found  on  the  bar, 
and  from  that  date  to  the  present  time  this  has  been  the  ruling  depth. 
With  one  exception,  in  November,  1899,  when  the  depth  shoaled  for 
several  weeks  to  9  ft.,  due  to  a  long  and  severe  southwesterly  storm,  a 
depth  of  from  18  to  22  ft.  has  been  maintained  for  seven  years.  Thus 
far,  this  improvement  has  been  eminently  successful.  Whether  the 
good  results  already  obtained  will  be  permanent  without  further  work 
in  extending  the  north  jetty,  or  whether  the  south  jetty  will  be  ulti- 
mately necessary,  cannot  be  definitely  foretold  at  present.  It  appears 
probable,  however,  fi'om  the  most  recent  surveys,  that  the  south  jetty 
will  be  needed  before  the  occasional  lapping  of  the  south  spit  around 
the  entrance  in  southwest  storms  can  be  controlled. 

The  shore  line  has  followed  out,  as  the  construction  of  the  jetty 
proceeded,  backing  up  the  jetty  with  sand  and  thus  strengthening  the 
shore  end  of  it,  so  that  but  little  new  work  has  been  necessary  on  this 
part  since  the  first  work  was  done.  This  new  shore  line  is  from  1  200 
to  2  000  ft.  in  advance  of  its  original  position.  The  large  quantity  of 
sand  thus  impounded  is  practically  all  saved  from  injuring  the  chan- 
nels, and  the  work  of  the  ebb  tides  in  deepening  the  bar  is  thus  made 
considerably  less. 

Experiments  in  holding  this  sand  from  drifting  have  been  made  by 
planting  numerous  kinds  of  trees,  grasses  and  Scotch  broom,  and  by 
using  sand  fences.  The  best  results  were  obtained  by  using  the  Hol- 
land grass  [Arundo  Are^iaria),  which  has  been  found  so  effective  at  the 
Golden  Gate  Park  in  San  Francisco.  This  plant  is  of  slow  growth  at 
first,  but  when  it  once  takes  root  it  grows  with  great  persistency,  catch- 
ing and  holding  sand  until  oftentimes  mounds  6  to  10  ft.  high  are 
made.  Long  i^atches,  amounting  in  all  to  about  20  acres,  have  been 
newly  set  out,  in  the  belief  that  it  will  bind  the  sand  in  the  areas 
covered. 

Remarks. — In  reviewing  the  details  of  the  construction,  two  points 
appear  which  are  not  yet  sufficiently  developed  in  this  kind  of  con- 
struction: One  is  the  value  of  brush  mattress,  and  the  other  the 
means  of  maintaining  to  full  height  the  otiter  ends  of  the  jetties  in  a 
sea  of  such  severe  storms  as  are  found  in  the  Pacific  Ocean. 

The  function  of  the  mattress  is  to  hold  the  bottom  beyond  the  end 
of  the  enrockment  during  jetty  construction  and  to  prevent  the  scour 
which  would  otherwise  naturally  take  place  and  thereby  add  to  the 
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quantity  of  rock  necessary.  This  holding  action  is  probably  secured 
by  checking  the  currents  and  entangling  in  the  twigs  and  meshes  the 
sand  borne  by  them.  Matti'esses  also  prevent  the  flow  of  currents, 
through  the  intei'stices  in  the  enrockment,  alongthe  sand  of  the  bottom. 
Such  currents  might,  by  long  action,  undermine  the  jetty;  and,  fur- 
ther, where  the  expected  scour  occurs  in  the  channel,  it  is  supposed 
that  if  any  undermining  is  caused  by  racing  currents  too  close  to  the 
jetty,  the  mattress,  being  flexible,  will  shajDe  itself  to  the  new  bottom 
and  stop  further  cutting.  It  has  never  been  shown  on  this  coast  that 
these  functions  are  more  than  partially  performed. 

It  is  believed  that  the  mattresses,  after  being  loaded  with  rock,  are 
squeezed  into  very  much  less  than  their  original  volume,  probably  less 
than  half.  The  comjaaratively  high  cost  and  difficulty  of  placing  mat- 
tresses, and  the  time  occupied,  make  it  appear  that,  as  volume  in  the 
completed  jetty,  the  rock  is  considerably  cheaper  and  better,  being 
unaffected  by  sea  worms.  The  plan  of  doing  without  mattresses 
altogether  has  been  tried  at  a  special  place  in  the  north  jetty  at  Coquille 
Kiver  and  in  the  jetty  at  Siuslaw  River.  The  time  is  short  since  this 
was  done,  but  no  difference  in  settlement  has  been  yet  noticed.  At 
Humbolt  Bay,  Cal.,  Lieutenant-Colonel  W.  H.  Heuer,  Corps  of  Engi- 
neers, abandoned  brush  mattresses  in  1898,  using  a  mattress  of  small 
stone  as  a  foundation  for  the  jetty  enrockment  at  that  place.  This 
practice  followed  experiments  of  several  years  in  both  jetty  and  spur 
construction  where  mattresses  of  small  stone  were  used  with  very 
satisfactory  results.*  Small  rock  can  follow  the  tramway  construction 
faster  than  brush  mattress,  and  much  scour  around  the  piles  is  thus 
avoided  in  strong  currents.  The  necessity  and  wisdom  of  using  mat- 
tresses, especially  in  water  more  than  15  to  20  ft.  deep,  is  questionable. 
A  weak  point,  thus  far,  in  all  jetty  construction  on  this  coast  is  the 
difficulty  of  maintaining  the  outer  ends  to  a  sufficient  height.  The 
heavy  seas  in  storms  break  over  the  top  of  the  enrockment  and  slowly 
batter  down  its  height.  The  Columbia  Eiver  jetty  now  requii'es  con- 
siderable raising  at  its  outer  end  to  compensate  for  this  action.  The 
Humbolt  Bay  jetties  are  likewise  beaten  down  at  their  outer  ends. 
Coos  Bay  jetty  has  been  twice  built  to  28  ft.  above  low  water,  and  twice 
has  been  beaten  down  to  below  low  water,  and  at  the  extreme  end  it 
was  found  that  previous  work,  originally  built  well  above  high  water, 
*  Annual  Report,  Chief  of  Engineers,  U.  S.  Army,  1898,  p.  2949. 
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had  been  beaten  down  to  about  15  ft.  below  low  water,  this  being 
apparently  the  limit  below  which  the  wave  action  is  not  especially 
destructive.  The  Coqiiille  River  jetties  have  been  somewhat  lowered 
at  their  outer  ends;  and  at  Yaquina  Bay,  where  the  jetties  are  more  or 
less  protected  by  an  outlying  reef,  the  subsidence  has  been  unimportant, 
but  even  here  there  has  been  settlement  at  the  outer  ends  from  high  to 
low-tide  levels. 

It  seems  jilain,  after  watching  the  action  of  the  waves  at  Coos  Bay, 
that  this  beating  down  is  progressive,  commencing  at  the  extreme  end 
only.  The  jetty  is  never  much  damaged  back  of  the  outer  end.  The 
jetty  being  almost  head  on  to  the  usual  direction  of  the  severest  waves, 
the  largest  blocks,  weighing  10  to  12  tons,  are  often  picked  up  first  with 
the  advancing  wave  and  then  rolled  or  carried  down  the  slope,  with  the 
fall  of  the  water  following.  Experiments  with  concrete  blocks  weigh- 
ing about  25  tons  each  were  made  during  last  year.  These  blocks  were 
made  in  i^lace  at  an  exposed  point  to  see  what  the  action  of  the  sea 
would  be.  Several  were  moved,  and  one  was  rolled  by  the  waves  down 
the  enrockment  to  the  low-water  line.  It  appears,  therefore,  that 
blocks  of  this  size  would  probably  be  too  small  for  a  permanent  random 
covering  for  the  enrockment.  If  some  solid  structure,  strong  enough 
to  protect  the  outer  end,  could  be  built,  it  is  thought  the  jetties  might 
be  maintained  to  efifective  dimensions  much  more  easily.  Such  per- 
manent end,  of  course,  should  not  be  jjlaced  until  the  projier  length  of 
the  jetty  had  been  ascertained. 

Several  methods  are  suggested  by  which  these  outer  ends  could  be 
better  held:  One,  by  using  for  the  enrockment  a  random  covering  of 
large  concrete  blocks,  each  weighing  about  30  tons  or  more,  for  protect- 
ing the  outer  end  of  the  jetty;  and  another,  by  constructing  a  monolith 
of  concrete  in  bags  resting  on  a  broad  rip-rap  foundation  brought  up 
to  the  level  of  about  15  ft.  below  low  water,  the  monolith  topped  above 
low  water  with  concrete  placed  in  moulds,  the  whole  placed  from  a 
platform  resting  on  iron  screw- piles,  which  could  be  left  to  support  and 
strengthen  the  structure  afterward. 
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DISCUSSION. 


Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E.  (by  letter).- — This  timely  Mr.  Haupt. 
pajjer,  follomug  closely  on  an  official  report  on  the  improvement  of 
the  Brunswick  Bar,  Ga.,  calls  attention,  in  a  general  way,  to  the 
methods  now  piirsiied  and  the  results  attained  in  the  Government 
practice,  and  also  serves  to  illustrate  the  very  divergent  co'nclusions 
reached  from  similar  data. 

As  the  United  States  is  assuming  a  position  of  ever  increasing 
importance  as  a  maritime  nation,  it  is  of  primary  importance  that  the 
bars  obstructing  her  harbors  be  removed  in  such  manner  as  to  secure 
the  best  depths  available  at  the  least  annual  cost  for  maintenance. 

These  harbor  problems,  therefore,  are  of  national  importance,  and 
their  discussion,  without  prejudice,  should  result  in  the  greatest 
possible  economies  and  in  the  substitution  of  scientific  methods  for 
tentative  experiments. 

This  paper  is  carefully  prejaared,  gives  evidence  of  much  research 
and  a  clear  comprehension  of  some  of  the  difficulties,  and,  although 
mainly  directed  to  the  work  at  Coos  Bay,  it  refers  incidentally  to  sev- 
eral other  localities,  with  conclusions  which  are  so  diiierent  from  those 
reached  by  others  who  have  studied  the  record  that  the  writer  takes 
the  opportunity  of  adding  a  few  extracts  for  the  clearer  jiresentation  of 
all  the  physical  conditions  and  I'esults. 

Taking  up  the  various  points  in  the  paper  seriatim,  it  is  observed 
that  the  opening  paragraph  states  that  the  completion  of  the  north 
jetty  has  produced  satisfactory  results.  The  author  then  describes 
the  exceptional  violence  of  the  storms  of  the  North  Pacific  and  the 
exposed  condition  of  the  harbor  entrances,  citing,  but  not  applying, 
Stevenson's  oft-quoted  formula,  7i  =  1.5  -\/  d,  where  h  is  the  height  of 
the  wave  in  feet,  and  d,  the  fetch  in  miles. 

The  danger  of  using  a  formula  for  such  computations,  in  which  the 
constant  is  fixed  and  empirical,  will  become  apparent  at  once  when  it 
is  considered  that  for  d  any  distance  may  be  used  from  100  to  6  400 
miles,  and  hence  h  will  vary  accordingly,  so  that  the  wave  height  may 
vary  (using  these  values)  from  15  to  120  ft.  As  the  maximum  waves 
seldom  exceed  40  ft.  in  height  it  is  evident  that  the  formula  has  only 
a  limited  application,  and  must  be  used  with  caution. 

The  author  next  cites  the  early  tentative  works  constructed  within 
the  coast  line, which  he  remarks  were  only  partially  successful,  but  he 
gives  no  specific  locations.  The  harbor  under  discussion,  however, 
shows  one  instance  of  a  wing-dike  built  out  into  the  channel  from 
Fossil  Point  (see  Fig.  3)  for  a  distance  of  1  700  ft.,  but  which  he  says, 
on  page  496,  had  no  useful  effect  on  either  the  direction  or  depth  of 
the  bar  channel,  and  was  abandoned  in  1889. 
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Mr.  Haupt.  There  were  interior  jetties  built  on  the  New  Jersey  coast  also,  which 
likewise  ended  in  faihire  and  were  abandoned.  The  single  interior 
jetty  at  the  mouth  of  Coqnille  River,  Ore.,  in  1886,  showed  a  low-water 
depth  of  6.5  ft.,  now  6  ft. 

It  is  almost  an  axiom  in  engineering  that  we  learn  more  from  our 
failures  than  from  our  successes;  hence,  it  is  of  greater  service  to  con- 
sider the  former  seriously  and  with  no  reflections  upon  those  in  charge 
of  the  works,  since  the  actual  condition  of  all  the  forces  which  may 
surround  an  entrance  are  occult,  and,  like  those  jjroducing  earthquakes 
where  least  expected,  cannot  be  predicted. 

The  author  very  properly  recognizes  the  importance  of  the  resultant 
littoral  movements,  the  cyclic  oscillations  of  channel,  the  tidal  action 
of  flood  and  ebb  in  building  and  scouring  bars,  the  necessity  of  con- 
serving the  full  tidal  prism,  and  esi^ecially,  as  he  puts  it : 

"To  i^revent  the  encroachment  of  the  sand  on  the  channel  and  at 
the  same  time  prevent  the  divergence  and  dissipation  of  the  effect  of 
the  ebb  tides,  by  confining  and  directing  these  tidal  currents  at  a  selected 
l^oint  of  the  bar. " 

He  adds,  if  this  can  be  done  by  suitable  works  then  ' '  improvement 
may  be  confidently  exjjected." 

In  this  he  is  entirely  correct,  but  the  difficulty  which  arises  in  their 
application,  is  in  determining  the  actual  position  of  the  resultant  and 
in  so  placing  the  works  as  to  aid  the  land  forces  as  opposed  to  the  sea 
forces.  One  would  suppose  that,  to  protect  a  channel  from  the  pre- 
dominating drift,  the  barrier  should  be  placed  to  the  "windward,"  or 
between  it  and  the  channel,  and  hence  it  may  excite  surprise  to  find 
that  most  of  the  jetties  which  are  built  for  this  purpose  have  been 
located  on  the  far  or  leeward  side  of  the  channel  desired  to  be  created, 
with  the  invariable  result  of  rolling  the  bar  rapidly  seaward.  In  one 
case  it  advanced  half  a  mile  in  about  a  year,  adding  greatly  and  unne- 
cessarily to  the  cost  of  the  work.  But  there  are  other  conditions,  in 
addition  to  these,  which  do  not  yet  apjDear  to  be  fully  recognized  and 
applied  on  ocean  bars,  one  of  which  is  to  avoid  an  abrupt  angular 
change  of  direction  of  the  ebb  currents  which  wastes  their  energy  in 
boring  deep  holes,  to  no  useful  purpose.  As  this  is  to  be  merely  a 
discussion  of  the  paper,  however,  and  is  not  designed  to  be  suggestive 
of  improved  devices,  it  remains  to  show  how  the  foregoing  require- 
ments of  the  author  have  been  construed  and  applied  in  practice. 

In  the  ofiicial  Report  on  the  Brunswick  Bar,*  where  there  are  no 
jetties,  and  which  was  deepened  5.6  ft.  by  the  use  of  dynamite,  aided 
by  dredging,  it  is  said: 

"  This  principle  requires  the  jetty  to  be  located  upon  that  side  of 
the  channel  toward  which  the  latter  is  being  driven  by  the  drifting 
sands.  To  use -a  phraseology  analogous  to  that  which  has  been  used 
in  other  cases,  it  should  be  on  the  leeward  of  the  channel." 

To  make  this  still  plainer  as  to  the  intention,  it  is  added : 
*  Document,  355,  H.  R.,  56th  Cong.,  2d  Sess.,  Jan.,  1901. 
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' '  A  single  jetty  on  this  principle  at  Brunswick  would  be  located  Mr.  Haupt 
on  the  south  of   the    channel,  since   the   drifting   sands    come   from 
the  north." 

He  then  goes  on  to  illustrate,  by  saying: 

"  A  single  jetty  at  Coos  Bay,  Oregon,  has  been  built  in  accordance 
with  this  theory,  and  apj^ears  to  have  been  successful  in  increasing 
the  depth  from  10  ft.  to  not  less  than  18  ft.,  which  latter  it  has  main- 
tained for  the  last  5  years." 

Here  the  north  jetty  is  the  only  one  built,  while  the  paper  states 
that  the  resixltant  drift  comes  from  the  south.  It  must,  therefore, 
strike  the  jetty  on  its  south  or  channel  side,  and  hence  the  jetty  does 
not  fulfil  the  condition  laid  down  by  the  author  of  this  paper,  viz., 
"to  prevent  the  encroachment  of  the  sand  on  the  channel,"  while  it 
does  comply  with  the  incorrect  location  suggested  in  the  Report  on 
the  Brunswick  Bar  by  being  placed  to  the  leeward  of  the  channel  with 
reference  to  the  prevailing  drift.  Both  of  these  theories  cannot  there- 
fore be  correct,  and  the  case  requires  further  examination  to  ascertain 
which  is  right.  As  the  results  are  pronounced  satisfactory  by  both 
authors  it  becomes  necessary  to  look  further  into  the  records  as  to  the 
original  conditions,  and  to  ascertain  present  effects  on  bar  movements. 

The  depths  prior  to  improvement  are  shown  on  the  several  charts 
of  the  iDaper,  and  which  contain  an  admirable  object  lesson  for  the 
reader.  In  1863  when  the  channel  was  flexed  farthest  north  and  was  in- 
side of  the  meridian  through  Guano  Rock  the  ruling  low-water  dejjth 
was  7  ft.  As  it  receded  to  the  south  in  1879  it  is  shown  as  being  13 
ft.;  again,  in  1885,  it  is  8  ft.,  but  farther  out  to  sea;  in  1894,  with  the 
jetty  well  advanced,  it  is  19  to  20  ft.,  with  the  18-ft.  contour  south  of 
but  parallel  to  and  beyond  the  jetty;  and  four  years  later,  with  the 
jetty  completed,  the  depth  is  given  as  19  ft.  on  the  chart  (18  to  22  ft. 
in  the  text),  and  it  is  1  000  ft.  farther  seaward,  with  the  18-ft.  contour 
overlapping  the  line  of  the  jetty  produced.  During  November,  1899, 
"  the  depth  shoaled  for  several  weeks  to  9  ft.,  due  to  a  long  and  severe 
southwesterly  storm."     The  author,  therefore,  adds: 

"  It  appears  probable,  however,  from  the  most  recent  surveys,  that 
the  south  jetty  will  be  needed  before  the  occasional  lapping  of  the 
south  spit  around  the  entrance  in  southwest  storms  can  be  controlled." 

In  this  respect  the  writer  is  pleased  to  agree  with  the  author,  for 
the  reason  that  such  a  jetty  will  fulfil  to  the  best  advantage  the  main 
requirements  of  this  inlet,  but  it  can  be  placed  much  more  effectively 
than  on  the  broken  line,  as  suggested  on  Figs.  4  and  5.  This  plan  re- 
duces the  improvement  to  two  high-tide  jetties  which  have  more 
serious  objections  than  the  author  appears  to  attach  to  them,  and 
which  are  worthy  of  consideration.  The  jetty  now  in  jjlace  has  ap- 
parently prevented  the  channel  from  drifting  to  the  north  where  the 
energy  was  wasted  and  the  sea  more  dangerous,  being  broadside;  but 
the  author  has  stated  that  at  times,  when  the  cycle  was  complete,  the 
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Mr.  Haupt.  north  channel  closed  and  a  new  one  opened  abreast  of  the  gorge  of 
the  harbor,  when  depths  of  30  ft.  at  high  water  were  reported.  De- 
ducting the  tide  of  5.6  ft.  would  give  24.4  ft.  as  the  natural  mean  low- 
water  depth  over  the  bar,  when  the  channel  is  in  this  position.  So 
that  the  natural  depths  were,  say,  about  5  ft.  better  before  improve- 
ment than  those  now  existing.  But  the  report  of  the  Assistant  En- 
gineer in  1892,  which  apjDears  to  have  been  overlooked  in  all  references 
to  this  work,  states  that  the  dej^th  here  prior  to  the  beginning  of  the 
work  was,  at  times,  27  ft.  at  mean  low  water,  so  that  it  would  appear 
that  for  this  position  of  the  channel  the  unimproved  depths  should 
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range  from  24=1  to  27  ft.  instead  of  from  18  to  22  ft.,  or  that  there  has 
been  a  loss  of  from  6|  to  5  ft.,  due  to  the  effort  to  fix  the  location  of 
the  channel  by  a  jetty  placed  to  "leeward."  Had  it  been  placed  to 
windward  there  is  no  doubt,  in  the  writer's  oi^inion,  that  the  depths 
would  have  been  greater  and  the  bar  advance  less,  with  the  further 
great  advantage  of  acting  as  a  breakwater  for  navigation,  placing  the 
vessel  to  leeward  of  the  jetty  instead  of  to  windward  in  the  great 
storms  from  the  southwest. 

The  movements  of  the  bar  are  perhaps  more  clearly  illustrated  by 
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plotting  the  location  of  the  crest  at  the  date  of  the  several  surveys  and  Mr.  Hanpt. 
connecting  them  by  a  line  showing  the  locus  of  this  movement.  As  the 
actual  crest  is  an  area  and  not  a  point,  this  method  is  merely  a  guide, 
but  it  is  relatively  correct.  The  seaward  movement  is  given  here  in 
de^sartures  from  the  meridian  through  Guano  Rock  as  a  well-defined 
fixed  i^oint,  and  hence  they  are  not  quite  normal  to  the  coast. 

The  author  states  that  the  jetty  "stopped  on  what  was  originally 
the  20-ft.  contour  *  *  *  or  just  short  of  the  bar  projier,"  leaving 
it  to  be  seen  from  the  chart  that  the  bar  has  advanced,  which  is  a 
thing  to  be  avoided.  He  does  not  appear  to  pay  any  particular  atten- 
tion to  this  featiire,  and  hence  the  diagram,  Fig.  6,  will  serve  to  show 
the  rate  and  direction  of  this  movement  which  is  of  great  importance. 

Table  No.  2  gives  the  rate  of  movement  for  the  intervals  between 
surveys. 

From  Table  No.  2  it  appears  that  the  bar  crest  has  been  advancing 
most  rapidly  seaward  since  the  construction  of  the  jetty,  with  every 
tendency  to  overlaj)  it  and  ultimately  repeat  its  cyclical  peregrina- 
tions in  a  more  exposed  position.  Under  these  conditions,  can  the 
work  be  classed  as  a  success  in  its  present  transition  state  ? 

TABLE  No.  2. 


Survey  of— 

Period, 
years. 

Total  departure, 
in  feet. 

Average  advance 

per  annum, 

in  feet. 

1863-79 

16 
6 
9 
5 

1  100 
1200 
1500 
1  000 

70 

1879-85 

200 

1885-94, 

1894-99 

200 

General  Averages  of  Advances. 


1863-99 

36 
20 
14 
5 

4  800 
3  700 
2  500 
1  000 

133 

1879  99 

185 

1885-99 

150 

1894-99.                       ...       . 

200 

■  Jetty  partly  built. 


Two  Jetties. — As  to  the  effects  upon  the  harbor  from  the  use  of  two 
jetties,  the  author  believes  that: 

"  With  double  jetties  projoerly  designed  it  appears  that  no  further 
effect  is  produced  than  would  be  caused  by  moving  the  throat  or  the 
gorge  to  a  new  point." 

This  conclusion  does  not  seem  to  accord  with  observation,  as  it  is 
recorded  that  double  jetties  have  reduced  the  tidal  inflow  very  seri- 
ously and  caused  a  silting  up  of  the  harbors.  To  shift  the  throat  so 
much  further  seaward  is,  in  itself,  an  injury,  as  the  resistance  to  dis- 
charge is  increased  by  the  longer  channel;  the  entrance  is  j^artially 
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Mr.  Haupt.  dammed  up  and  the  area  of  the  gorge  on  the  bar  site  is  also  contracted. 
The  jDresent  gorge  shows  dej^ths  at  the  point  of  incidence  of  ebb  cur- 
rents on  Coos  Head  of  60  ft.  in  1863;  61  ft.  in  1879;  50  ft.  in  1885; 
and,  after  the  jetty  was  started  in  1892,  of  48  ft.  in  1894;  and  55  ft.  in 
1899.  These  are  all  reaction,  not  velocity,  depths;  an  important  dis- 
tinction. An  ebb  current  moving  axially  between  nearly  j^arallel 
jetties  will  cause  no  reaction,  and  no  such  depths  at  the  outer  throat 
can  result  as  at  the  gorge,  so  that  the  outer  cross-section  will  be 
smaller. 

Engineers  seem  to  have  failed  to  note  the  fact  that  the  deep  holes 
at  points  of  incidence  or  around  bends  of  streams  are  not  velocity 
depths,  but  are  due  to  reaction  from  impact.  For  instance,  in  a  report 
on  a  project  for  New  York  Harbor  entrance,  in  1885,  it  was  jsroposed 
to  transfer  the  throat  at  the  Narrows  to  the  outer  bar  by  two  rip-rap 
jetties  rising  only  to  low  water,  or  below,  and  extending  from  Coney 
Island  and  Sandy  Hook  seaward,  closing  up  the  entrance  almost 
entirely.  The  cost  was  estimated  at  f  5  000  000  to  m  000  000.  The 
precedent  for  this  project  Avas  derived  from  the  existing  depths  at  the 
Narrows,  for  the  report  says : 

"  The  flow  through  the  Narrows  *  *  *  maintains  a  channel  a 
mile  wide  and  with  depths  of  100  ft.  This  depth  only  diminishes  to 
30  ft.  at  a  point  4  miles  below.  The  mean  ordinary  velocity  at  the 
Narrows  is,  during  the  ebb  tide,  about  2  ft.  jjer  second,  and  from  this 
a  depth  of  100  ft.  results." 

The  mistake  made  here  is  in  attributing  the  depth  to  velocity, 
whereas  it  is  due  to  the  reaction  caused  by  the  "  compression  "  (or,  as 
some  writers  prefer  to  call  it,  concentration)  of  the  flood  tide  in  enter- 
ing the  Upper  Bay.  Many  instances  might  be  cited  of  mean  velocities 
of  2  ft.  per  second  flowing  over  sandy  bottoms  which  do  not  erode  to 
depths  exceeding  4  to  6  ft.  Hence  it  cannot  be  velocity  alone  that 
produces  depths  of  100  ft.,  but  a  much  more  potent  force,  viz.,  impact 
creating  reaction  from  the  bottom. 

The  effort,  therefore,  to  utilize  the  gorge  depths  by  reproducing 
them  at  the  bar  end  of  a  pair  of  jetties  has  invariably  resulted  in 
failure,  and  still  it  is  recommended  to  be  tried  over  and  over  again. 
The  New  York  project  was  soon  abandoned.  The  latest  instance  is 
found  in  the  Keport  on  the  Brunswick  Bar,  already  cited,  in  which  it 
is  said : 

"Apparently,  if  all  the  ebb  tide  is  concentrated  between  the  jetties 
on  the  bar,  and  their  width  ajjart  is  equal  to  that  of  the  gorge,  the 
conditions  of  the  latter  would  be  reproduced  on  the  bar.  This  would 
require  jetties  to  high  water." 

The  author  then  goes  on  to  exj^lain  that  as  such  depths  would  be 
excessive  and  the  cost  greater,  only  low-water  jetties  are  usually  built, 
and  adds : 

"With  this  system  of  construction,  however,  it  has  been  found 
that  the  scouring  effect  has  generally  not  only  failed  to  reproduce  the 
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depths  at  the  gorge  but  lias  not  produced  de2)tlis  enough  for  naviga-  Mr.  Haupt. 
tion,     *     *     *     (still)  the  channel  location  has  been  fixed  so  that  very 
satisfactory  dredged  channels  can  be  maintained,"  and  the  experience 
at  Charleston  is  given  as  "  a  good  example." 

It  would  seem,  that  if  high  jetties  would  produce  "  depths  far 
beyond  the  requirements  of  navigation,"  and  if  low-water  jetties  having 
"the  width  between  jetties  on  the  bar  generally  greater  than  at  the 
gorge"  would  "not  produce  depths  great  enough  for  navigation," 
that  between  these  limits  there  should  be  found  a  happy  medium,  at 
which  the  depths,  resulting  from  tidal  scour,  should  suf3Bce  without 
recourse  to  dredging. 

If  Charleston  is  cited  as  a  good  example  of  dredging,  supplemented 
by  jetties,  or  the  reverse,  let  it  be  observed  that  the  bar  is  now  about 
4  000  ft.  beyond  the  end  of  the  completed  jetties,  and  the  original 
channel  was  abandoned  because  of  its  rapid  filling  up.  Moreover,  the 
jetties  are  not  low-water,  but  submerged,  jetties  15  ft.  or  more  at  the 
inner  ends  and  high-tide  jetties  over  the  original  site  of  the  bar,  so 
that  the  reference  is  hardly  germane. 

Yaquina  Bay.  — Yaqiiina  Bay  has  been  referred  to  in  recent  publica- 
tions as  an  illustration  of  the  success  of  two  high-tide  jetties,  and  the 
present  j)aper  seems  to  confirm  this  opinion  to  some  extent.  The 
author  says  the  south  jetty  did  not  accomplish  all  that  was  expected 
of  it,  and  it  was  found  necessary  to  close  the  old  north  channel 
"before  much  improvement  on  the  bar  resulted,"  so  that  it  is  an 
inference. 

This  problem  and  its  solution  cannot  be  fully  understood  without 
the  plan,  for  it  was  complicated  by  dangerous  submerged  reefs  lying 
offshore  which  served  to  create  a  lee  for  navigation,  and  any  advance 
of  the  bar  seaward  as  the  result  of  two  jetties  was  sought  to  be  avoided 
by  a  single  south  jetty  at  an  acute  angle  to  the  shore  line,  to  close,  in 
whole  or  part,  the  south  channel.  This  project,  as  designed  (see  Figs. 
7  and  8),  is  described  in  the  report  of  the  Chief  of  Engineers  for  1881, 
page  2592,  in  these  words: 

"  The  existing  plan  of  improvement  provides  for  a  jetty  on  the 
south  2  500  ft.  long,  rising  2  ft.  above  mean  low  water,"  to  be  built  of 
stone  and  timber  cribs.  "  Suitable  appropriations  shoiild  be  made  for 
an  improvement  which  promises  such  good  results." 

The  ideas  intended  to  be  applied  here  were  to  prevent  the  sand 
encroachments  on  the  channel  and  the  dissipation  of  the  ebb  currents, 
but  it  is  unfortunate  that  the  means  were  insufficient  to  produce  the 
result,  and  the  north  jetty  became  a  necessity,  so  that  the  original  idea 
was  radically  changed  to  one  of  concentration  between  two  jetties 
with  consequent  bar  advances,  which  it  was  desired  to  avoid.  This  is 
now  cited  in  the  Report  on  the  Brunswick  Bar  (p.  37)  as  one  of  the 
three  "  only  examples  of  such  high-tide  jetties  in  the  United  States." 
The  other  two  mentioned  are  at  Sabine  Pass  and  Galveston,  both  of 
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Mr.  Haupt.  -vvJiich  were  originally  designed  to  be  submerged  on  their  flanks,  were 
subsequently  raised  to  low  water  and  finally  to  high  water  to  control 
the  sand  movements  and  currents.  There  are,  however,  various  other 
high-tide  jetties  in  the  United  States,  which  teach  the  same  lesson  of 
congestion  of  tides  and  bar  advance.  While  the  first  jetty,  as  designed, 
was  being  built  at  Yaquina,  under  great  difiiculty  and  ex^josure,  it  was 
barely  awash  at  low-water,  and  formed  a  sharp  re-entrant  with  the 
shore  line.  The  breakers  cut  it  off  from  the  shore  by  a  breach  of  375 
ft.  width  at  the  inner  end,  in  1883-4,  which  was  repaired  the  next  year. 
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In  1886  it  was  recommended  to  extend  it  1  000  ft.,  and  to  build  a 
half-tide  north  jetty  of  1  800  ft.,  with  further  extensions  of  both  jetties, 
the  north  one  1  200  and  the  south  one  700  ft. ;  at  a  cost  of  $800  000, 
"in  round  numbers,"  if  ultimately  built  to  the  18-ft.  curve. 

The  minimum  depths  reported  in  the  north  and  south  channels 
were  originally  7  to  9  ft.  In  the  central  channel  at  certain  seasons 
there  were  from  5  to  10  ft.  mean  low  water,  while  the  mean  tide  is  7.1 
ft.     The  proposed  depths  are  referred  to  mean  high  water  and  were  to 
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Mr.  Haupt. 
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Mr.Haupt.be  17  ft.  at  first,  afterward  changed  to  19  ft.,  so  that  the  actual 
increase  above  the  natural  depths  existing  in  the  central  channel  at 
times  would  vary,  when  referred  to  the  same  datum,  from  zero  to  2  ft. 
The  report  of  1886  contains  a  map  dated  1885  (Fig.  7),  which  shows  that 
the  original  2  500  ft.  of  south  jetty  is  surrounded  by  sand,  as  the  low- 
water  line  has  advanced  beyond  its  end,  and  the  depths  in  the  south 
channel  are  still  7  ft.,  and  in  the  north  channel  8  ft.,  while  an  outer 
shoal  of  only  4  to  5  ft.  depth,  and  1  500  ft.  distant  covers  the  entrance. 
This  report  states: 

"  The  Yaquiua  bar  is  narrow  and  near  land,  making  its  crossing 
easier  than  if  wide  and  more  seaward.  *  *  *  The  main  sand  move- 
ment here  is  from  the  south.  *  *  *  The  outer  reef  is  a  natural 
breakwater  and  reduces  the  seas  on  the  bar,  a  most  favorable  circum- 
stance. 

"A  proposed  north  jetty  location  and  south  jetty  extension  are 
shown  on  the  survey  map  of  1885  herewith.  The  north  jetty  is  3  000 
ft.  long  and  projects  beyond  the  south  jetty  from  which  it  is  1  000  ft. 
distant." 

Up  to  this  date,  therefore,  the  effect  appears  to  have  been  an 
advance  of  the  shore  line  and  bar  without  any  increase  in  depth  due 
to  this  south  jetty,  which  is  stranded  between  high  and  low  water, 
although  the  rejiortof  1887  says:  "The  new  depth  is  greater  by  1  ft. 
than  the  best  heretofore  observed  during  the  same  seasons." 

Operations  on  this  jetty  were  resumed  in  1886-7,  and  during  the 
next  fiscal  year  it  was  extended  only  460  ft.  In  1888-9  the  south  jetty 
was  reported  as  having  been  extended  4  265  ft.,  and  the  tramway 
started  for  the  north  jetty,  on  which  12  980  tons  were  placed  in  1889- 
90,  and  18  040  tons  on  the  south  jetty.  In  1890-91  the  north  jetty 
was  extended  600  ft.  In  1891-92  a  large  part  of  the  south  jetty  was 
completed,  and  the  north  jetty  was  extended  840  ft. 

In  1900  it  was  rejoorted  that  the  jJrojeot  of  1881  was  practically  com- 
pleted in  1895,  comprising  the  construction  of  a  north  jetty  2  800  ft. 
long  and  a  south  jetty  3  748  ft.  long. 

"  It  was  expected  that  this  work  would  obtain  a  depth  of  17  ft.  at 
high  water,  but  the  results  are  now  somewhat  in  excess  of  that  depth. 

"  There  is  at  present,  about  one-half  mile  from  the  end  of  the  jetties, 
a  cresent-shaped  bar  almost  inclosing  the  entrance  and  having  from 
8  to  12  ft.  of  water  over  it  at  low  low  water.  Around  the  south  end  of 
this  shoal  there  is  a  channel  having  a  least  depth  of  13  ft.  at  low 
tide.  This  bar  has  apparently  shoaled  somewhat  since  the  survey 
of  1895." 

The  map  accompanying  this  rei^ort  shows  a  limiting  depth  on  the 
bar  of  only  10  ft.  at  mean  low  water,  and,  as  the  original  depths  were 
at  times  from  5  to  10  ft.,  the  maximum  depths  of  17  ft.  at  bigh  water 
have  apparently  not  been  increased  materially,  if  at  all,  as  the  rejaort 
admits,  while  the  bar  has  been  moving  out  toward  the  reef  at  least  a 
quarter  of  a  mile. 

This  i^roject  of  1881  was  no  sooner  reported  as  completed  in  1895 
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than  another  Board  was  appointed  to  investigate  and  report  "-with  a  Mr.  Haupt. 
view  to  a  project  for  deeper  water."  It  rej^orted  that,  "if  any  further 
deepening  of  water  could  be  effected  it  wotild  only  be  by  prolonging 
the  present  jetties,"  and  it  jjroposed  to  extend  the  north  jetty  2  000 
and  the  south  jetty  2  200  ft.,* and  to  remove  some  detached  rocks  at  the 
entrance,  at  a  total  cost  of  i^l  025  800.  Congress  made  a  preliminary 
approiJriation  under  this  jjroject  in  June,  1896,  but  the  work  has  not 
been  commenced  and  the  Board  of  1899  does  not  recommend  any  thing- 
further  than  the  removal  of  the  rock.  The  total  cost  of  this  experi- 
ment between  1880  and  1896  was  about  $688  000,  and,  in  view  of  the 
,  history  and  results  as  reported,  it  is  difficult  for  the  writer  to  discover 
any  imi^rovement  as  to  increased  dejjths  over  the  bar  or  even  the  fixing 
of  the  channel. 

The  low-tide  single  jetty  of  1881  was  amended  in  1888: 

"  To  raise  it  to  full  high  water  with  a  length  of  3  748  ft.  and  to  con- 
struct a  mid-tide  jetty  on  the  north  side  to  extend  in  a  southwesterly 
direction  about  2  800  ft.  and  to  give  an  entrance  width  of  1  000  ft. 
This  jjlaa  was  ftirther  modified  in  1892  to  raise  the  north  jetty  to  high- 
water  level  and  to  build  five  spurs  on  the  channel  side  of  the  south  jetty 
to  prevent  undermining."! 

The  depths  as  reported  in  1896,  were  said  to  have  been  increased  to 
from  12  to  15  ft.  at  mean  low  water,  and  the  project  was  considered 
completed. 

As  the  reported  depths  in  1900  were  a  bar  with  from  8  to  12  ft.,  at 
low  water  and  a  channel  depth  of  10  ft.,  it  would  appear  that,  as  the 
Board  has  reported,  the  bar  has  shoaled  since  1895,  and  that  the  claim 
made  that:  "These  jetties  at  Yaquina  Bay  have  increased  the  depth 
from  7  to  15  ft.  at  mean  low  water,  and,  so  far  as  the  records  show, 
without  as  yet  producing  any  new  bar  seaward  of  the  jetties,"  does  not 
accord  with  the  facts  as  officially  reported  by  the  Board  of  Engineers 
of  1900. 

Considerable  space  has  been  devoted  to  this  case,  as  it  is  believed 
to  furnish  no  new  evidence  of  the  success  of  high-tide  twin  jetties,  and 
it  is  resjiectfully  suggested  that  the  claim  of  the  author  that  "for 
more  than  seven  years,  depths  considerably  in  excess  of  those  stated  for 
the  project  have  been  maintained,"  might  be  modified  to  advantage. 
The  projected  dejiths,  as  revised,  were  19  ft.  at  high  water.  The  pres- 
ent map  of  the  survey  of  1899  (Fig.  8),  made  in  June  and  July,  if  correct, 
shows  the  best  channel  dejith  to  be  10  ft.,  to  which,  if  the  mean  height 
of  the  tide  be  added,  there  results,  17.1  ft.,  or  nearly  2  ft.  less  than 
those  stated  in  the  project.  Moreover,  the  condition  here  is  appar- 
ently not  stable,  but  retrograding;  and  jetty  extensions  were  recom- 
mended to  improve  the  dej^ths,  but  not  applied,  as  it  was  thought  the 
commerce  did  not  justify  the  expenditure  at  this  time. 

*  Report  of  1896,  p.  3342. 
t  Report  of  1896,  p.  3241. 
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Mr.  Haupt.  The  aiithor  next  refers  to  Coos  Bay,  Columbia  River  and  Grays 
Harbor  as  illustrations  of  sites  where  "the  natural  conditions  are 
such  that  one  jetty  has  already  accomplished  so  much  improvement 
that  the  necessity  for  a  second  jetty  is  not  yet  apparent."  It  has  been 
shown,  however,  that  at  Coos  Head  and  Columbia  Eiver  the  bars  have 
advanced,  and  the  depths  diminished.  That  Cape  Disappointment  is 
regarded  as  performing  the  function  of  a  second  jetty  is  admitted, 
while  at  Grays  Harbor  the  partial  jetty  is  located  to  leeward  of  the 
channel  and  gives  no  better  assurance  of  bar  control  than  the  others. 
It  was  sufficiently  demonstrated  by  the  writer  in  the  discussion  of 
a  previous  paper,*  and  need  not  be  repeated  here. 

Dredgihg  Tidal  Entrances. — One  other  point  of  importance  is  raised 
in  this  interesting  paper.  It  refers  to  the  methods  of  improving  ocean 
bars  by  dredging,  and  the  writer  is  pleased  to  find  himself  in  thorough 
accord  with  the  author  when  he  says  : 

"As  the  forces  going  to  build  up  the  bars  are  intermittent,  but  con- 
stantly recurring,  no  temporary  expedient,  such  as  dredging,  would 
be  of  any  special  value,  owing  to  the  extreme  likelihood  of  such  work 
being  completely  nullified  by  the  effect  of  a  single  severe  storm." 

This  is  confirmed  by  repeated  experiences  on  exposed  bars. 

On  the  other  hand,  after  reviewing  all  the  several  methods  of  bar 
imjirovement,  the  author  of  the  Report  on  the  Brunswick  Bar  reaches 
the  conclusion  that,  for  that  place,  "  dredging  appears  to  be  by  all 
means  the  most  economical  and  satisfactory  method." 

This  is  at  an  ocean  bar  about  4  miles  from  land  and  on  the  borders 
of  the  trade  winds  where  the  sea  is  frequently  rough,  and,  while  the 
cost  per  yard  of  the  material  removed  is  based  upon  "  dredging,"  the 
author  of  that  rejjort  says  it  "  has  been  successful  as  to  jjermanence  of 
the  improvement. "  He  appears  to  have  ignored  the  general  disinte- 
grating effects  of  the  large  charges  (100  lbs. )  of  dynamite  which  were 
used  on  this  bar  simultaneously  with  dredging.  It  becomes,  therefore, 
an  important  matter  to  study  the  relative  permanency  and  depths 
secured  as  the  work  progressed,  the  data  for  which  are  furnished  by 
the  very  complete  exhibits  contained  m  Doc.  355,  before  quoted. 

Movements  of  the  Thalweg  of  the  Brunswick  Bar  Channel. — First,  as  to 
the  original  condition,  the  report  says  : 

"  Prior  to  1879  the  channel  depth  across  this  bar  was  about  17  ft.  at 
mean  low  water.  Between  1879  and  1889  this  channel  became  obliter- 
ated, and  the  best  navigable  depth  at  the  latter  date  was  about  13  ft. 
at  mean  low  water.  The  present  navigable  depth  is  18  ft.  at  mean 
low  water." 

Speaking  of  the  changes  in  location  of  the  channel,  the  report  says  : 
"Brunswick  Bar  is  an  exceedingly  slow  one  to  change.     The  reason 
of  this  is  that  it  is  not  in  a  region  of  long-continued  storms  or  high 
winds,  etc."  (page  4). 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  133. 
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Tlie  experience  of  the  Coast  Survey  Assistant  who,  in  making  a  Mr.  Haupt. 
survey,  was  detained  on  the  bar  from  December  27th  until  January 
4th,  "before  the  weather  permitted  a  beginning  to  be  made  on  the 
work,"  and  the  stormy  and  unfavorable  season  following,  which  still 
further  prolonged  the  work  "much  beyond  the  date  anticipated  for 
its  completion,"  may  be  taken  as  a  fair  type  of  the  weather  at  that 
locality  during  the  winter  and  spring  months.  The  survey  was  not 
finished  until  April  16th,  1897.  It  was  called  for  in  the  previous 
November,  a  period  of  six  months. 

The  improvement  of  this  bar  began  in  1891  by  the  use  of  dynamite, 
when  the  best  navigable  depths  were  "  about  13  ft."  Since  that  time, 
and  up  to  the  end  of  the  survey  made  in  November,  1899,  the  increase 
was  5.6  ft.,  and  the  cost  per  foot  of  depth  gained  was  ^45  293.95.* 
But  the  author  of  this  report  says  : 

"The  channel  now  existing  at  Brunswick  Bar  has  been  produced 
by  Nature,  aided  very  materially  by  ordinary  dredging.  The  useful 
effect  of  dynamite  has  been  very  small,  except  possibly  to  loosen 
material  in  some  places  as  an  aid  to  dredging.  The  cost  to  the 
Government  of  all  material  removed,  whether  usefully  removed  or 
otherwise,  has  been  !gl.  13ayard,  more  than  seven  times  the  cost  of 
ordinary  dredging.  The  channel  produced  has  no  advantage  of  per- 
manence over  a  dredged  channel  of  similar  size  and  location  which  could 
be  produced  for  about  one-twelfth  of  the  cost  of  the  present  channel." 

By  "ordinary  dredging  "  here  is  meant  the  use  of  a  hydraulic  plant 
with  bins. 

An  analysis  of  the  foregoing  conclusions  shows  that,  according  to 
the  author,  Nature  and  dredging  allied  have  produced  the  present 
channel,  upon  which  the  effect  of  the  dynamite  "has  been  very  small," 
yet  the  channel  thus  produced  by  dredging  and  Nature  has  no 
advantage  of  permanence  over  a  dredged  channel  which  could  have 
been  produced  for  about  one-twelfth  its  cost.  Hence,  it  would  follow 
that  the  work  done  by  Nature  alone  must  have  added  eleven-twelfths, 
or  about  92^^,  to  the  cost.  Therefore,  the  engineer  should  aim  to 
eliminate  any  assistance  from  Nature,  and  confine  himself  to  mechanical 
means  to  cheai^en  the  works. 

As  to  the  permanence  of  this  channel,  it  is  here  stated  that  it  has 
no  advantage  over  a  dredged  channel,  while  on  another  page  of  the 
same  report  it  is  said  of  this  bar  : 

"It  is  an  enormous  sand  bank  which  moves  and  which  always 
moves  very  positively  in  one  direction." 

This  being  the  case,  an  unprotected,  dredged  channel  would  nat- 
urally be  expected  to  fill  up  in  a  comparatively  short  time  unless 
IDrotected  by  a  barrier;  but  the  report  says  of  this  dynamited  channel: 

"  It  has  been  quite  successful,  as  to  the  permanence  of  the  im- 
provement." 

From  the  maps  and  table  on  page  11  of  the  report  quoted  the  data 
in  Table  No.  3  have  been  collated: 

*  Senate  Doc.  178,  56th  Cong.,  1st  Sess. 


520  DISCUSSION  ON  coos  BAY  HARBOR  IMPROVEMENT. 

Mr.  Haupt.  TABLE  No.  3. 
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0.2 
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"• 
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March 
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3 
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-~- 
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13 
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" 

'~' 
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July, 

3 
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^^ 

"           " 
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Dec, 

" 

5 

15.0 

0.0 
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" 

-— — , 

"           " 

L 
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1897 

16 

16.6 

1.6 

500 

~-^-^ 

Dredg.  without  bins. 
Peck.  U.  S.  C.  S. 

M 

Feb., 

1898 

10 

17.6 

1.0 
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" 

■-"^ 

Ordinary    dredging. 
Marindin           " 

N 

AprD, 

1899 

14 

17.8 

9.50 

.. 

-_^ 

0 

Nov., 

1899 

18.5 

1  000 

■' 

^^ 
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Several  features  are  prominently  brought  out  by  this  exhibit  : 

1.— The  progressive  deepening,  increasing  more  rapidly  as  the 
channel  becomes  more  stable. 

2. — That  at  first  the  bar  crest  was  so  nearly  level  and  so  close  to 
the  ordinary  limit  of  wave  disturbance  that  a  few  inches  of  change  in 
its  elevation  caused  great  changes  in  the  location  of  the  channel. 

3. — That  dredging  did  not  begin  until  between  December  and  April, 
1897,  and  then  it  was  merely  to  stir  tip,  but  not  carry  ofif,  the  silt.  At 
this  date  the  depths  had  increased  from  13.3  to  16.6  ft.,  and,  by  the 
time  the  hydraulic  dredging  and  removal  commenced,  the  depth  (by 
interijolation)  was  about  17.2  ft.,  showing  a  gain,  due  almost  entirely  to 
dynamiting,  of  3.9  ft.  The  subsequent  increase  to  November,  1899, 
is  1.3  ft.,  but  even  this  was  not  due  to  dredging  alone,  as  the  report 
shows  that  dynamite  was  used  throughout  the  entire  period,  at  first  in 
10  and  20-lb,  charges,  and  after  August,  1892,  in  100-lb.  charges. 

4. — The  greatest  change  in  the  position  of  the  channel  occurred 
between  September,  1891,  and  June,  1892,  nine  months,  when  it  moved 
1  650  ft.  from  its  extreme  southerly  to  its  extreme  northerly  limit,  due 
to  a  change  of  level  of  only  a  few  inches  on  the  bar. 

5. — From  June,  1892,  it  steadily  drifted  back  to  the  south,  and  as 
the  depths  increased  the  movements  decreased,  while  the  thalweg  be- 
came more  direct. 

6. — The  path  of  the  channel  is  never  straight,  but  always  curved; 
more  sharply  in  the  shoaler  depths  and  more  gradually  as  the  depths 
increased.  It  now  assumes  the  reverse-curve  form  adopted  for  the 
reaction  breakwater. 
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Mr.  Haupt.  7. — The  ratio  of  depth  before  hydraulic  dredging  to  that  after  is 
61%,  although  dynamite  was  used  after  as  well  as  before,  so  that  the 
effort  to  make  it  appear  that  the  channel  was  secured  by  Nature,  aided 
by  dredging,  is,  to  say  the  least,  misleading. 

8. — -The  breadth  across  the  bar  is  about  J-  mile,  and  it  remains  prac- 
tically constant,  while  the  points  of  ingress  and  egress  are  not  shifting. 
The  bar,  therefore,  has  not  advanced  seaward,  although  the  location 
of  the  point  of  least  dej^th  has  been  changing  as  the  depth  increased. 

The  effort  of  Nature  is  to  fill  up  the  channel  by  this  traveling  bank 
"  which  moves  very  positively  in  one  direction,"  as  the  surveys  also 
show.  The  cross-section  also  confirms  this  statement,  as  the  report 
says: 

The  present  channel  "is  about  300  ft.  wide,  and  the  side  slopes 
on  the  soath  are  about  1  ft.  in  100.  The  north  slope  is  steeper — about 
1ft.  in  30." 

These  slopes  indicate  the  direction  of  movement  of  the  bank  to  be 
southerly.     (See  Fig.  9.) 

The  form  and  permanency  of  the  channel,  therefore,  must  be 
attributed  to  the  use  of  dynamite  in  enabling  the  currents  to  select, 
create  and  maintain  a  channel  along  the  line  of  least  resistance,  and 
they  all  tend  to  demonstrate  that  had  a  straight  channel  been  dredged 
across  this  bar  at  any  point  it  would  not  have  been  adapted  to  the 
natural  conditions  and  could  not  have  been  self-maintaining.  This 
is  the  general  experience  elsewhere. 

But  there  is  another  exhibit  in  this  report  which  is  of  greater  im- 
portance, because,  from  it  the  estimated  cost  ($1.13  per  cubic  yard)  of 
material  removed  was  derived. 

It  is  given  on  page  14,  and  purports  to  show  the  volume  of  scour 
and  deposit  within  cei-tain  areas,  in  the  vicinity  of  and  including  the 
channel,  for  strips  varying  in  width  from  400  to  2  000  ft.,  and  for  the 
years  from  April,  1891,  to  November,  1899.  From  this  it  appears  that 
for  the  following  widths  the  quantities  for  a  length  of  4  680  ft.  are: 

400  ft.  wide 166  892  net  cubic  yards. 

600       "         209  598 

800       "         218  260 

1000       "         191420 

1200       "         176  000 

From  this  it  appears  that  the  strip  800  ft.  in  width  shows  the 
greatest  net  gain,  and  as  the  total  cost,  as  stated  in  Senate  Doc.  178, 
56th  Cong.,  1st  Session,  is  $253  646.15,  this,  at  $1.13  per  yard  would 
require  the  removal  of  224  465  cu.  yds. ,  so  that  the  estimate  is  appar- 
ently based  upon  the  net  displacement  of  material  during  the  entire 
term.  But  the  author  says  that  a  channel  as  good  as  the  present  one 
could  have  been  secured  by  the  dredging  of  125  000  cu.  yds.  at  a  total 
cost  of  $18  750. 
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If  SO,  is  it  not  a  severe  reflection  upon  his  predecessors  that  it  has  Mr.  Haupt. 
never  been  done,  either  here  or  anywhere  else? 

The  error  of  this  calculation  arises  from  considering  the  quantity  of 
material  in  a  given  area  as  a  constant,  and  assuming  that  the  i^ortion 
excavated  from  the  channel  is  in  part,  at  least,  deposited  over  its 
flanks,  constituting  merely  a  change  of  form  without  material  change 
of  volume.  It  produces  the  anomalous  results,  as  shown  in  the  first 
part  of  Table  No.  3,  viz.,  that  for  every  width  considered  in  a  sti'ip  of 
6  370  ft.  in  length,  between  the  years  1891  and  1897,  there  was  a  net  fill 
varying  from  76  733  to  208  416  cu.  yds.,  and  yet  in  this  time  the 
channel  was  shifting,  earlier  ones  being  filled  and  later  ones  opening, 
with  a  gain  in  depth  of  channel  of  3.3  ft.  On  this  basis  of  payment, 
the  contractor  would  be  a  debtor  instead  of  a  creditor. 

It  is,  therefore,  unjust  and  inaccurate  to  measure  quantities  in 
place,  where  a  bar  is  in  motion  and  when  superfluous  material  is  being 
constantly  supplied  to  replace  that  which  has  been  removed. 

The  writer  knows  of  instances  of  dredged  cuts  having  refilled 
within  a  few  months  of  the  comj)letion  of  the  contract.  Had  the 
material  been  measured  in  place  instead  of  in  the  scow,  the  contractor 
would  have  been  ruined,  and  so  must  everyone  be  who  undertakes  to 
base  his  bid  on  net  measurements  before  and  after  execution. 

It  follows,  therefore,  that  any  conclusions  based  upon  the  cost  of 
dredging  on  a  moving  ocean  bar  at  even  15  cents  per  yard,  with  the 
hope  of  securing  and  maintaining  a  permanent  channel,  must  end  in 
disappointment  and  failure.  The  record  of  experience  is  no  doiibt  of 
more  value  than  many  opinions,  and  that  shows  that  the  cost  of  obtain- 
ing depths  by  any  of  the  existing  auxiliary  methods  is  about  ten-fold 
that  of  the  method  pursued  at  Brunswick,  for  each  foot  of  depth  actu- 
ally secured. 

This  demonstration  of  the  use  of  dynamite  as  an  agent  in  assisting 
Nature  has,  therefore,  jiroved  to  be  remarkably  successful  at  the 
Brunswick  Bar,  which  has  not  shoaled  materially  in  the  past  two 
years,  during  which  no  work  has  been  done.  A  careful  analysis  of  the 
various  methods  used  in  the  United  States  during  the  past  thirty 
years  shows  that  they  have  not  fulfilled  the  conditions  laid  down  for 
them. 

The  two-jetty  plan  of  submerged  jetties  as  designed  for  tidal  estu- 
aries has  been  abandoned,  and  at  Charleston,  where  they  were  con- 
structed at  a  cost  of  about  $4  000  000,  the  fallacy  of  admitting  the 
sand  over  the  flanks  only  to  be  carried  seaward  at  ebb  to  supply  the  bar 
is  fully  demonstrated.  Low-tide  jetties  have  been  raised  to  mid-tide 
and  subsequently  to  high  water  to  control  the  sand  movements  and 
defend  the  channel,  but,  as  a  rule,  the  foreshore  advances  and  the  bars 
still  move  seaward  retaining  the  same  depths  excej^t  as  they  are  in- 
creased temporarily  by  dredging  at  large  annual  cost  for  maintenance; 
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Mr.  Haupt.  while  the  tidal  energy  is  reduced  by  the  partial  dams  btiilt  on  the  flanks 
ot  the  entrances. 

When  single  jetties  have  been  attempted  they  have  been  constrncted, 
almost  invariably,  first  on  the  wrong  side  of  the  channel,  where  they 
have  created  deposits  in  it  and  a  more  rapid  advance  of  the  bar  seaward; 
and,  ultimately,  a  second  jetty  has  been  required  to  restrain  the  drift, 
but  after  it  was  too  late  and  the  original  entrance  was  closed,  as  at 
Cumberland  Sound.  These  expensive  experiments,  of  which  there  are 
so  many  on  record,  do  not  seem  to  have  led  to  any  modifications  in 
practice,  for  still  it  is  recommended  to  build  the  single  jetty  on  the 
leeward  side  of  the  channel,  where  it  must  dam  it  up;  and  the  method 
of  tentative  experimentation  goes  merrily  on. 

In  the  discussion  of  this  valuable  paper.  Captain  Black  says  truly 
that  hindsight  is  better  than  foresight,  but  in  taking  his  bearings  upon 
the  retrospect  he  seems  to  have  gotten  on  the  wrong  trail,  which 
would  lead  to  some  erroneous  deductions. 

First. — The  first  of  these  is  that  although  certain  works  were 
designed  thirty  years  ago  by  officers,  now  deceased,  it  is  found  better 
to  "complete  ihem  on  the  original  lines  rather  than  make  them  con- 
form more  closely  to  the  plans  which  more  recent  experience  has 
shown  to  be  best."  Most  engineers,  on  finding  the  line  too  expen- 
sive and  not  well  adapted  to  its  purjiose,  would  have  changed  the 
location  for  the  best  and  most  economical  by  taking'  a  new  "  departure  " 
and  getting  out  of  the  rut. 

Second. — Attention  is  confined  chiefly  to  the  movements  of  sand  and 
the  causes  producing  them,  while  the  tidal  volume  and  other  import- 
ant factors  are  ignored.  No  correct  conclusions  can  be  reached  unless 
all  the  elements  are  considered,  and  they  are  many  and  variable. 
They  have  been  set  forth  already  in  previous  publications. 

In  describing  the  formation  of  the  "  crescent-shaped  bar,"  it  is  said 
that  it  is  ''laushed  out  until  the  ebb  currents  have  a  chance  to  spread 
and  lose  their  force,"  and  "the  ebb  has  joined  to  it  the  drainage  of  the 
area  of  the  interior."  In  many  cases  the  interior  drainage  is  so  small 
that  it  is  less  than  sufficient  to  i^rovide  for  the  evaporation  in  the  large 
interior  lagoons  or  bays  receiving  it.  It  is  therefore  negative,  and  hence 
the  entire  maintenance  of  the  channel  is  made  to  depend  upon  the  tidal 
energy,  regulated  by  protecting  works;  and,  as  the  bar  itself  is  the 
location  where  the  ebb  currents  sjjread  the  most  and  fail  to  maintain 
their  velocity,  that  is  where  the  assistance  should  be  apj)lied  '"  to  pre- 
vent the  water  of  the  ebb  from  spreading  and  losing  its  force."  It  has 
been  successfully  done  by  local  work,  which  does  not  interfere  with  the 
ingress  of  the  tide,  upon  which  alone  the  results  are  dependent.  The 
jetties  need  not  be  continuous  from  the  shore  out  across  the  bar  in  tidal 
inlets.  Such  construction  has  invariably  been  found  to  be  unsatisfac- 
tory.    Captain  Black's  remarks  are  apparently  confined  to  those  cases 
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where  there  is  a  river  emptying  directly  into  the  sea,  in  which  cases  a  Mr.  Haupt. 
continuous  single  jetty,  projjerly  located,  would  be  most  effective, 
because  the  material  of  the  bar  is  derived  mainly  from  within,  and  not 
from  the  httoral  drift.  This  river  sediment  is  vastly  greater  in  many 
instances  than  that  from  outside,  and,  if  two  jetties  are  built,  the 
deposits  must  occur  either  beyond  them,  in  the  sea,  or  above  them,  in 
the  river,  thus  raising  its  bed  and  its  flood  plane;  in  either  ease  pro- 
ducing injury  to  the  navigable  channel,  and  requiring  constant  dredg- 
ing.    See  the  records  of  the  South  Pass  of  the  Mississippi  River. 

Third. — Attention  is  called  to  the  unreliability  of  maps,  as  repre- 
senting general  conditions,  because  of  the  frequent  changes  produced 
by  storms.  But,  as  the  map  is  supposed  to  be  the  record  of  the 
facts,  at  the  time  of  the  survey,  it  is  the  only  reliable  basis  for  study 
and  deductions,  and  when  a  comparison  of  a  number  of  maps  shows  a 
prevailing  direction  of  movement  it  is  certainly  a  reasonable  inference 
that  such  rej^resentation  is  correct. 

We  must  not  discredit  our  data,  else  we  have  no  basis  for  our  deduc- 
tions. The  large  number  of  surveys,  by  different  authorities  and 
under  variable  conditions,  at  Brunswick  Bar,  all  showed  progressive 
deepening  during  the  use  of  dynamite  and  none  before  it;  hence,  the 
deduction  is  justifiable  that  the  effect  was  due  to  that  cause,  though 
there  are  engineers  who  assert  that  it  was  not,  but  that  "  Nature  "  had 
come  to  the  rescue.  How  or  why,  they  do  not  attempt  to  explain,  but 
rely  on  the  simple  negation. 

If  maps  do  not  represent  the  general  conditions,  then,  too  stren- 
uous an  interpretation  should  not  be  placed  upon  them  in  deciding 
upon  the  fulfillment  of  a  contract,  and  especially  when  weather  con- 
ditions are  such  that  the  surveys  cannot  be  completed  until  about  six 
months  have  elapsed  after  the  required  depths  were  secured.  In  con- 
sequence, the  shoaling  of  a  few  inches,  in  places,  retarded  payments  for 
more  than  a  year,  although  the  terms  of  the  contract  were  substantially 
and  honestly  complied  with,  and  the  channel  had  been  in  use  by  vessels 
of  the  I'equisite  draft. 

Fourth. — In  considering  the  location  of  a  single  jetty  on  the  South 
Atlantic,  Captain  Black  concludes  "  that  one  jetty  will  rarely  do  its 
work,"  but  he  cites  no  actual  precedent.  He  theorizes  upon  imaginary 
conditions,  and  does  not  realize  the  ultimate  resources  of  the  engineer 
in  arresting  littoral  drift  before  it  ever  reaches  the  jetty,  should  it  be 
necessary.  He  assumes  also  that  "there  is  nothing  to  prevent  the 
spreading  before  the  working  point  is  reached,"  forgetting  that  a  cur- 
rent ejected  from  a  coast  between  walls  of  water  maintains  its  energy  for 
a  considerable  distance,  and  that  there  is  frequently  a  large  excess,  so 
that  the  utilization  of  only  a  portion  of  it  may  suffice  for  navigation 
purposes  across  the  bar.  After  considering  the  case  of  a  jetty  on  the 
north  side  to  impound  the  sand,  and  then  on  the  "  south,  concave  to 
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Mr. Haupt.  the  current,  in  order  to  hold  it,"  the  concliTsion  is  reached  that  "in 
both  cases  results  are  disaijpointing,"  as  "could  be  illustrated  from 
the  history  of  both  the  St.  Johns  River  and  Galveston  improvements." 

While  it  is  true  that  in  both  these  instances  the  results  were  disap- 
pointing in  the  extreme,  the  hindsight  is  again  defective,  as  in  neither 
*  case  was  a  single  concave  jetty  built,  but,  on  the  contrary,  in  both 
cases  two  convergent  straight  jetties  wei*e  constructed;  hence,  no 
deductions  from  them  can  be  applied  to  a  concave  jetty  located  on 
the  correct  side  of  the  channel.  *  They  have  served  their  purpose  in 
teaching  what  to  avoid  in  future.  These  disapjsointing  results  were 
anticipated  and  reiterated  by  some  of  the  civil  engineers  employed  on 
the  works,  who  were  rewarded  by  being  dismissed. 

A  continuous  concave  jetty,  however,  was  built  at  Aransas  Pass  by 
the  Government,  was  an  acknowledged  failure,  and  was  abandoned; 
but  a  detached,  concave  breakwater  built  on  the  bar  by  private  parties 
was  a  pronounced  success,  although  only  partially  completed.  What 
constituted  this  difference  between  success  and  failure  at  the  same 
inlet— and  at  one-half  the  cost  ? 
Mr  Black.  W.  M.  Black,  M.  Am.  Soc.  C.  E. — As  age  increases,  the  engineer, 
of  all  men,  can  bear  witness  the  more  from  his  heart  that  hindsight  is 
much  more  sure  than  foresight. 

In  considering  the  Charleston  and  other  jetties  on  the  Atlantic 
Coast,  mentioned  by  Professor  Haupt  in  his  comprehensive  discussion 
on  this  interesting  paper,  it  should  be  i-emembered  that  they  were 
designed  about  thirty  years  ago,  and  that  it  has  been  found  advan- 
tageous to  complete  them  on  the  original  lines  rather  than  make  them 
conform  more  closely  to  the  plans  which  more  recent  experience  has 
shown  to  be  best. 

Much  has  been  written  recently  concerning  the  efficiency  of  jetties 
on  ocean  bars.  It  appears  to  the  speaker,  however,  that  in  the  dis- 
cussions there  are  several  princijiles  v/hich  are  frequently  lost  sight  of. 
Let  us  take,  first  of  all,  the  sand  movement.  What  produces  the  bar  in 
the  first  place?  The  sand  is  not  banked  up  opposite  the  mouth  of  a 
river  originally;  it  comes  from  somewhere.  On  the  South  Atlantic 
Coast  it  is  known  that  there  is  a  strong  and  almost  continuous  sand 
movement.  This  has  been  shown  conclusively  at  the  mouth  of  the 
Cape  Fear  River,  N.  C,  and  at  the  mouth  of  St.  Johns  River,  Fla.,  for 
example.  At  the  mouth  of  the  St.  Johns  River,  at  one  stage  of  the 
jetty  construction,  a  great  deal  of  sand  was  impounded  on  the  north 
side  of  the  jetties,  and  a  portion  of  it  passed  around  the  jetties  and 
was  imj^ounded  on  the  south  side.  A  summer  resort  had  been  located 
at  Pablo  Beach,  about  6  miles  below,  and  the  result  of  this  imj^ound- 
ing  of  the  sand  at  the  jetties  was  an  erosion  of  the  coast  at  Pablo 
Beach  to  an  extent  sufficient  to  cause  alarm  to  the  cottagers.  As  soon 
as  the  sand  had  accumiilated  in  quantity  sufficient  to  fill  the  basins 
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formed  by  tlie  jetties,  the  movement  along  the  coast  was  resumed  and  Mr.  Black, 
the  erosion  at  Pablo  stopped. 

Along  all  our  flat  Atlantic  Coast,  sea  bathers  know'  that  after  a 
storm  the  foreshore  for  some  distance  out  is  in  furrows.  After  a 
storm  a  beach  which  has  been  perfectly  flat  before  the  storm  shows 
a  number  of  deep  channels  running  parallel  to  the  coast.  During  a 
northeast  gale,  the  waves  approach  the  shore  from  the  northeast  on  a 
line  oblique  to  the  coasf.  As  they  reach  shoal  water  they  are  wheeled, 
as  it  M^ere,  partly  parallel  to  the  coast,  but  never  entirely  so.  As  soon 
as  a  wave  gets  into  water  of  which  the  depth  is  about  twice  its  height, 
the  bottom  of  the  wave  is  stopped ;  a  portion  of  its  energy  is  trans- 
formed into  a  motion  of  translation  of  the  water;  the  bottom  of  the 
ocean  is  stirred  up  and  the  sand  is  carried  ashore.  When  the  wave 
finally  breaks,  more  sand  is  stirred  up.  The  sand  is  carried  upon  the 
beach  with  the  wave  wash  which  moves  obliquely  -a])  the  beach,  turns 
and  runs  back,  not  opposite  the  jjoint  at  which  the  wave  struck,  but 
further  south.  At  the  same  time  the  whole  of  the  ocean  is  in  a 
measure  backed  up  against  the  shore.  The  level  is  actiially  raised. 
In  the  harbors  on  this  coast  the  flood  tides  are  frequently  made  much 
higher,  and  sometimes  the  ebb  is  entirely  imperceptible  for  twenty- 
four  hours. 

These  two  causes  form,  during  every  northeast  gale,  a  very  strong 
current  close  inshore,  running  in  the  direction  of  the  line  of  least 
resistance,  which,  under  a  northeast  gale,  is  generally  to  the  south, 
south  of  Central  New  Jersey.  The  sand  eroded  in  one  place  is  ordi- 
narily replaced  by  that  eroded  to  the  north  of  it;  but  if  any  part  of  it 
is  impounded,  the  invariable  result  is  to  make  evident  the  cutting 
below.  In  making  groins  for  building  out  the  coast,  the  first  result  is 
always  a  cutting — on  the  South  Atlantic  Coast  to  the  south  of  the 
groin,  with  a  fill  on  the  north  of  the  groin.  As  the  fill  increases,  the 
sand  on  the  north  works  around  to  the  south.  This  sand  movement 
is  the  cause  of  the  wind  and  wave  bars,  and  it  is  natural  to  suppose 
that  that  action  does  not  cease,  but  is  continually  recurring.  The 
height  of  the  bar  is  a  function  of  the  currents  and  of  the  storms. 
When  it  gets  too  high  the  top  is  swept  off  and  carried  along;  when 
too  low  it  is  filled  up.  At  some  places  that  movement  is  very  rapid; 
at  other  places  it  is  very  slow;  so  that  the  condition  even  of  sand  bars 
in  our  harbors  may  be  very  stable  or  very  unstable,  and  whether  it  is 
stable  or  unstable  can  only  be  determined  by  a  study  of  the  local  con- 
ditions. At  Pensacola,  for  instance,  the  bar  is  of  heavy,  coarse  sand, 
and  is  quite  stable.  At  the  mouth  of  the  St.  Johns  River,  and  the 
mouth  of  the  Cumberland  Sound,  the  bar  is  of  very  light  sand  and  is 
very  unstable. 

Opposite  an  opening  in  the  coast  there  is  a  deflection  of  what  may 
be  termed  the  sand  current,  seaward,  because  the  ebb  has  joined  to  it 
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Mr.  Black,  the  drainage  of  the  area  of  the  interior,  and  leaves  the  coast  line, 
directed  by  the  banks  of  the  interior  waterway,  as  a  definite  force. 
As  a  result,  the  deep-water  channel  of  the  interior  waterway  is  con- 
served for  a  longer  or  shorter  distance  seaward  from  the  shore  line, 
and  the  sand  flow  along  the  coast  is  flushed  out,  making  the  crescent- 
shaped  bar  of  which  so  much  has  been  said — pushed  out  until  the  ebb 
currents  have  a  chance  to  spread  and  lose  their  force. 

Now,  in  a  bar  of  that  kind,  it  is  evident  that  there  are  two  distinct 
parts  in  the  work  of  its  improvement.  The  first  is  to  cut  through  the 
obstructing  bar;  the  second,  entirely  distinct  from  the  first,  is  to  keep 
it  cut  through;  for  it  is  evident  that  the  forces  which  formed  that  bar 
first  will  work  to  maintain  it.  It  is  also  evident  that  that  movement 
along  the  coast,  or  in  the  direction  of  the  resultant  storm  action,  only 
extends  to  a  certain  depth,  and  that  sand  can  be  piled  up  to  that  depth 
with  a  certain  degree  of  stability.  As  soon  as  this  depth  is  decreased 
the  wave  and  current  action  is  bound  to  move  the  deposit  along  in 
exactly  the  same  way  as  before.  As  stated,  that  depth  is  a  function  of 
the  wave  height.  On  the  Pacific  Coast  the  shores  are  very  abrujjt  and 
the  waves  are  high — as  high  as  30  ft. — and  breaking  in  6  to  8  fathoms, 
as  stated  by  the  author.  There  the  action  would  take  place  at  greater 
depth  than  on  the  Atlantic  Coast,  where  the  water  is  much  more 
shallow  and  the  foreshore  much  flatter. 

The  first  problem  that  must  be  solved  when  jetties  are  to  be  used 
is  how  to  guide  the  ebb  currents  so  as  to  direct  their  force  to  and  at 
the  point  where  needed;  in  other  words,  to  prevent  the  water  of  the  ebb 
from  spreading  and  losing  its  force  before  it  reaches  the  bar.  For 
that  reason,  in  almost  all  cases,  it  is  essential  to  hold  the  jetties  close 
together  to  some  point.  In  the  case  of  converging  jetties,  the  shore 
ends  have  effect  on  the  direction  of  the  current  only  through  the  sand 
impounded  between  them  and  the  channel.  When  the  channel  near 
the  shore  is  stable,  this  form  of  jetties  is  good,  otherwise  it  is  not. 
Where  work  is  to  be  done  in  a  bar,  the  head  of  the  outflowing  water 
must  be  held  until  the  bar  is  reached,  and  for  this  it  is  evident  that 
the  jetties  must  be  continuous  from  the  shore  out.  Otherwise,  there 
would  be  spreading  of  the  channel  flow  close  inshore,  with  a  loss  of 
effective  force. 

Much  has  been  said  about  a  jetty  to  the  leeward  and  a  jetty  to  the 
windward,  and  yet  if  it  is  considered  that  the  head  must  be  conserved 
until  the  point  for  work  is  reached,  it  is  evident  that  one  jetty  will 
rarely  do  its  work.  Taking  the  sand  movement  on  the  South  Atlantic 
Coast  from  north  to  soiith,  if  the  jetty  is  placed  on  the  north  side  the 
sand  will  be  impounded  for  a  certain  time,  and  the  currents,  which  in 
general  leave  the  shore  at  right  angles  to  the  coast,  will  be  continued  in 
direction.  But  there  is  nothing  to  prevent  the  spreading  before  the 
working  point  is  reached,  which  is  frequently  a  mile  from  the  coast. 
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If  the  jetty  is  placed  on  the  south,  concave  to  the  current,  in  order  to  Mr.  Black, 
hold  it,  when  the  sand  movement  is  sufficiently  marked,  making  the 
bar  obstinate,  as  it  were,  shallow  false  channels  will  branch  out  to  the 
north  inside  the  channel  bar,  and  the  effective  force  will  again  be  lost. 
In  one  case  the  sand  is  kept  away;  in  the  other  case  the  current  is  con- 
served a  little  better;  but  in  both  cases  results  are  dif=appointing.  Did 
time  permit,  these  statements  could  be  ilhistrated  from  the  history  of 
both  the  St.  Johns  River  and  Galveston  improvements. 

Suppose  the  jetties  in  place  and  the  channel  scoured  out.  Nothing- 
has  been  done  to  stop  the  sand  movement.  It  makes  no  difference 
how  high  the  jetty  is  buiit.  In  course  of  time,  sufficient  sand  will  be 
impounded  to  renew  the  sand  movement  across  it  and  around  its  end. 
Building  the  jetty  high  with  the  hope  of  impounding  all  the  sand  that 
is  going  to  move  in  the  next  fifty  years  seems  rather  fiitile,  and  does 
not  appeal  to  the  speaker. 

It  is  believed  that  in  all  the  harbors  on  the  Atlantic  Coast,  and  to  a 
less  extent  on  the  Pacific  Coast  (because  the  movement  there  seems 
very  much  slower  than  on  the  Atlantic  Coast),  it  is  necessary  first  of 
all  to  have  the  jetties  so  placed  as  to  cause  the  currents  to  bore  through 
the  bar,  and  to  maintain  the  channel  in  a  fixed  position,  so  that  it  can- 
not shift  under  storm  action;  and  then  it  is  further  necessary  to  take 
care  of  the  constantly  incoming  sand  exactly  as  has  been  necessary  in 
the  very  much  smaller  jetties  of  the  north  of  France.  The  amount  of 
sand  coming  in  year  by  year  can  be  measured.  At  the  mouth  of  the 
St.  Johns  it  was  measured  quite  accurately. 

The  jetties  hold  the  channel.  The  annual  accumulations  must  be 
removed  by  dredging,  and  if,  in  the  work  of  ciitting  the  channel 
originally,  dredging  be  used,  there  M^ill  be  little  or  no  movement  of  the 
bar  seaward.  The  dredging  can  be  done  between  the  jetties,  or  on  the 
side  from  which  the  obstructing  movement  comes,  as  is  frequently  the 
custom  in  France,  making  a  basin  in  which  the  sand  or  shingle  will  be 
deposited,  and  in  that  way  not  interfering  with  navigation.  The  chan- 
nels in  oiir  country  are  ordinarily  so  broad  that  a  dredge  can  be  worked 
in  them  efficiently.  In  the  French  jetties,  the  channel  is  so  narrow  that 
a  dredge  cannot  oijerate  there  without  interfering  with  navigation. 

There  has  been  something  said  in  this  discussion  about  the  com- 
parison of  majjs.  Anyone  who  knows  these  unstable  bars  very  well 
knows  that  unless  a  map  is  made  about  once  a  month,  map  study  may 
be  very  misleading,  because  the  conditions  change  radically  from 
month  to  month.  Usually,  on  the  Atlantic  Coast  northeast  gales  begin 
m  September  and  last  until  April.  In  the  summer  time  southeast  gales 
are  not  rare.  The  map  will  show  the  results  of  the  last  storm  action, 
not  necessarily  of  the  resultant  storm  action,  nor  the  normal  condi- 
tions. So  it  is  dangerous  to  draw  close  conclusions  from  maps  taken 
at  long  intervals. 
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Mr.  Black.  In  regard  to  the  nse  of  dynamite  at  Brunswick,  the  sjieaker's  deduc- 
tions from  the  published  reports  are  quite  the  reverse  of  those  formed 
by  Professor  Haupt. 

To  the  speaker,  it  seemed  that  the  nse  of  dynamite  has  been  abso- 
lutely of  no  avail.  The  effects  of  the  stirring  up  of  sand  by  any  means 
—by  jiropeller  dredging  or  anything  else — is  well  known.  There  is  no 
difficulty  at  all  in  getting  any  dejith  wanted  by  propeller  dredging. 
The  only  difficulty  is  that  the  depth  is  lost  in  20  or  30  ft.,  because  it 
requires  quite  a  high  velocity  and  constant  agitation  to  keep  sand  in 
motion.  It  must  be  stirred  up  and  then  kept  moving.  Propeller 
dredging  has  been  resorted  to  very  efficaciously  in  a  narrow  bar 
bounded  by  deep  water,  but  over  a  broad  bar,  any  local  effect  of  that 
kind  is  bound  to  be  local,  and  what  is  gained  in  one  place  is  lost  in 
another.  The  current  will  not  carry  sand  for  a  long  distance.  Ca^jtain 
Gillette's  paper,  to  which  Professor  Haui^t  alludes,  is  of  great  interest. 
Captain  Gillette  recommends  the  use  of  dredging  in  the  Brunswick 
bar,  believing  that  the  channel  will  be  sufficiently  stable.  Perhaps  it 
will;  perhaps  it  will  not.  In  the  absence  of  intimate  knowledge  of 
the  local  conditions,  it  is  imi^ossible  for  outsiders  to  judge. 

The  conditions  on  the  Pacific  Coast  at  Coos  Bay  seemed  to  the 
speaker,  in  reading  the  report  and  in  looking  at  the  maps,  obscure. 
The  resultant  storms  along  that  coast  undoubtedly  are  from  the  south. 
The  movement  of  sand  at  the  mouth  of  the  Cohxmbia  River  is  un- 
doubtedly from  the  south,  and  yet  the  formation  at  Coos  Bay  would 
seem  to  show  a  local  movement  of  sand  from  the  north.  That  might 
come  from  some  local  current  or  wind  action  due  to  a  bight  in  the 
coast.  During  the  past  year  many  theories  have  been  advanced  relat- 
ing to  the  disposal  of  the  sewage  of  the  City  of  Havana.  Everybody 
knows  that  the  Gulf  Stream  flows  between  the  Florida  Reefs  and  the 
coast  of  Cuba  from  west  to  east,  and  flows  with  much  velocity,  and  it 
is  taken  for  granted  that  there  is  a  current  from  west  to  east  on  the 
north  coast  of  Cuba.  As  a  matter  of  fact,  the  City  of  Havana  is  in  a 
bight,  and  the  current  there  is  almost  invariably,  with  very  few  excep- 
tions in  the  month,  decidedly  from  east  to  west.  So  that  where  there 
is  a  general  movement  along  a  coast  in  a  certain  direction,  if  there  is  a 
bight  or  local  cause  of  that  kind,  an  eddy  is  very  apt  to  be  formed,  and 
the  local  movement  may  be  in  exactly, the  opposite  direction.  From 
looking  at  the  maps,  the  s^jeaker  judges  there  must  be  some  local  sand 
movement  at  Coos  Bay,  a  movement  close  inshore  from  north  to  south. 
These  things  are  only  mentioned  in  order  to  emphasize  the  fact  that 
it  is  impossible  to  judge  of  the  conditions  at  any  point  from  maps 
taken  at  long  intervals  and  without  an  intimate  knowledge. 

Mr.  Ripley.  H.  C.  RiPLEY,  M.  Am.  Soc  C.  E.  (by  letter).— The  author  gives  an 
interesting  description  of  the  general  physical  characteristics  of  the 
North  Pacific  Coast  and  of  the  local  conditions  found  at  Coos  Bay  be- 
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fore  work  was  commenced.  He  also  gives  a  very  fair  diagnosis  of  the  Mr.  Ripley, 
case  and  describes  the  treatment  to  be  applied,  and,  so  far  as  the  work 
has  been  executed,  he  seems  to  regard  the  results  as  eminently  suc- 
cessful, although  he  deems  it  probable  that  the  south  jetty  will  have 
to  be  built  before  the  undesirable  fluctuations  in  channel  depth  can 
be  controlled.  However,  he  apparently  realizes  the  possibility  of  ef- 
fecting an  improvement  by  means  of  one  jetty,  where  he  says: 

"  It  was  clearly  evident  that  the  north  jetty  would  certainly  be 
necessary,  but,  before  commencing  work,  it  was  not  so  jilain  that  the 
south  jetty  could  not  be  dispensed  with." 

It  will  be  interesting,  therefore,  if  he  will  explain  how  the  north 
jetty  could  be  expected  to  intercept  the  sand  drift  from  the  south, 
which  is  the  prevailing  littoral  movement,  and  why  he  should  expect 
results  at  Coos  Bay  different  from  those  at  Charleston,  S.  C. ;  Cumber- 
land Sound,  Ga.  and  Fla. ;  St.  Johns  River,  Fla. ;  Galveston  and  Aransas 
Pass,  Texas,  and  many  other  places  on  the  Atlantic  and  Gulf  coasts 
where  there  have  been  exijended  many  millions  of  dollars  in  experi- 
ments of  this  nature. 

If  the  author  will  jjut  in  the  22-ft.  contour  of  depth  on  the  maji  of 
the  August,  1899,  survey  (Fig.  5),  he  will  find  an  area  of  deep  water 
lying  to  the  north  of  the  north  jetty  having  a  length  of  over  2  000  ft. 
and  a  maximum  depth  of  37  ft.  Had  the  south  jetty  been  built  first, 
this  deep-water  area  would  have  been  in  the  channel  instead  of  behind 
the  jetty,  and,  with  the  channel  defended  from  the  sand  movement 
from  the  south,  an  increased  channel  depth  of  considerable  degree  of 
permanence  would  have  been  maintained.  It  seems,  therefore,  that 
the  north  jetty  was  certainly  not  the  one  to  build  first,  and,  if  either 
jettj  could  be  omitted  entirely,  it  would  be  the  north  jetty  that  could 
be  dispensed  with. 

If  we  examine  a  little  more  into  the  details  of  the  changes,  we  find 
that  from  1885  to  1899  the  bar,  as  shown  by  the  18-ft.  contour  outside, 
has  advanced  2  000  ft.,  and  from  1894  to  1899  the  channel  width,  be- 
tween the  18-ft.  contour  and  the  jetty,  has  diminished  from  800  ft.  to 
425  ft.  and  the  south  shoal  has  completely  overlapped  the  entrance 
channel. 

The  author  states  that,  with  one  exception,  in  November,  1899,  when 
the  depth  shoaled  for  several  weeks  to  9  ft.,  due  to  a  long  and  severe 
southwesterly  storm,  a  depth  of  from  18  to  22  ft.  has  been  maintained 
for  seven  years.  It  will  be  seen,  however,  by  reference  to  the  map  of  the 
1899  survey,  that  a  vessel,  to  avail  itself  of  the  best  dej^th  of  water, 
would  have  to  cross  the  bar  broadside  to  the  sea  and  make  a  right- 
angle  turn  near  the  outer  end  of  the  jetty  before  making  the  entrance 
— a  feat  quite  impossible  of  accomplishment  except  for  the  shortest 
vessels  and  when  the  sea  is  comparatively  smooth.  But  he,  neverthe- 
less, assures  us  that,  thus  far,  this  improvement  has  been  eminently 
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Mr.  Ripley,  successful.  When  it  is  remembered,  however,  that  the  most  important 
ftinction  in  determining  the  commercial  value  of  a  port  is  the  uni- 
formity of  available  depth,  and  that  a  fluctuation  of  as  much  as  13  ft. 
is  liossible  here,  it  is  not  so  apparent  wherein  this  work  has  been  so 
eminently  successful. 

That  the  work  has  produced  important  changes,  there  is  no  gain- 
saying. It  is  equally  true  that  the  average  depth  of  entrance  has 
been  increased.  But  these  changes  have  been  largely  subject  to  the 
caprice  of  wind  and  wave,  and  have  in  no  sense  been  under  the  control 
of  the  works.  The  advance  of  the  bar  will  increase  the  cost  of  a, 
second  jetty,  and  the  complete  accomplishment  of  a  satisfactory  im- 
l^rovement  will  be  more  expensive  than  had  this  work  not  been  done 
at  all. 

The  author,  however,  seems  to  realize  the  real  essentials  to  success 
when  he  says: 

"  If  works  can  be  devised  to  prevent  the  encroachment  of  the  sand 
on  the  channel  and  at  the  same  time  prevent  the  divergence  and  dissi- 
pation of  the  effect  of  the  ebb  tides,  by  confining  and  directing  these 
tidal  currents  at  a  selected  point  of  the  bar,  improvement  may  be  con- 
fidently expected." 

And  it  is  equally  apparent  that  the  works  thus  far  have  not  in  any 
measure  met  the  conditions  here  imjiosed. 

If  the  author  had  read  and  appreciated  the  valuable  writings  of  L. 
M.  Haupt,  M.  Am.  Soc.  C.  E,,  and  others,  on  this  subject,  read  before 
numerous  scientific  organizations  of  this  country  within  the  last  fifteen 
years,  the  discussions  before  this  Society  by  its  members,  the  valuable 
papers  read  at  the  meetings  of  the  International  Navigation  Congress, 
and  if  he  had  seen  the  resiilts  of  a  single  jetty  properly  located,  at  the 
Malamocco  entrance  to  the  Harbor  of  Venice,  and  of  the  remarkable  re- 
sults from  the  reaction  or  curved  breakwater,  partially  completed  at 
Aransas  Pass,  Tex.,  he  would  have  realized  the  possibility  of  fulfilliDg 
the  foregoing  conditions  and  thereby  eifecting  a  complete  and  per- 
manent improvement  by  means  of  a  single  curved  structure,  either  de- 
tached from  or  attached  to  the  shore,  and  at  a  cost  of  from  25^^  to  50% 
of  the  cost  under  the  adopted  j^lan. 

The  writer's  experience  with  brush  mattresses  agrees  with  that  of 
the  author.  It  was  found  on  the  Texas  coast,  as  long  ago  as  ISf-S, 
that  stone  made  a  much  better  protection  from  scour  and  undermining 
than  brush  work,  and,  where  the  teredo  operates,  it  is  much  cheaper 
than  brush,  even  when  stone  costs  as  much  as  $4  to  $5  per  ton. 
Mr. McKinstry.  c.  H.  McKiNSTKY,  M.  Am.  Soc.  C.  E.  (by  letter).— The  jetty  at 
Coos  Bay  is  a  straight  jetty  built  on  the  lee  side  of  the  entrance  and 
connected  with  the  shore.  The  jetty  at  Aransas  Pass,  to  which 
reference  has  been  made  in  two  of  the  discussions,  has  a  trace  which 
is  a  "compound  and  reverse"  curve,  is  built  on  the  windward  side  of 
the  entrance,  and  is  detached  from  the  shore. 
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The  first  is  an  example  of  the  "single  lee  "  jetty  system;  tlie  second  Mr. McKinstry. 
is  a  particular  case  of  the  "  single  wind-ward  "  system. 

The  writer  offers  a  few  remarks  on  these  two  systems,  with  par- 
ticular reference  to  conditions  existing  on  the  South  Atlantic  and 
Pacific  Coasts  of  the  United  States. 

A  few  preliminary  remarks  on  littoral  drift,  and  the  effect  of 
groynes  and  jetties  ujion  it,  may  conduce  to  clearness. 

Littoral  Drift.* — Surf  raised  by  winds  blowing  along  shore  or 
obliquely  on  shore  is  the  principal  cause  of  littoral  drift.  The  relative 
effect  of  this  and  of  other  causes  is  well  brought  out  in  the  discussion 
following  Mr.  W.  H.  Wheeler's  article,!  in  which  the  proijosition  is 
advanced  that  the  jjrincipal  agent  in  the  transport  of  material  along 
shores  is  the  "wave-action  of  the  flood  tide."  Strong  littoral  cur- 
rents, pure  and  simple,  and  strong  littoral  tidal  currents  increase  the 
transporting  power  of  the  surf  when  they  coincide  in  direction  with 
the  wind  j^roducing  the  surf,  and  decrease  it  when  they  are  opj^osed 
to  that  direction;  but,  in  general,  their  sphere  of  action  is  not  close 
in  shore,  but  is  in  deep  water. 

There  are  no  littoral  currents,  strictly  so-called,  along  the  South 
Atlantic  Coast.  Along  the  coast  of  Oregon  and  Washington  there  is  a 
northward  littoral  current,  an  eddy  from  the  Japan  Current,  but  it  is 
of  slight  velocity. 

Along  the  coasts  of  Georgia  and  Florida  there  are  littoral  tidal 
currents,  northerly  during  flood  and  southerly  during  ebb,  due  to  the 
direction  in  which  the  tidal  wave  enters  the  great  bay  lying  to  the 
west  of  a  line  joining  Hatteras  and  Canaveral.  But  these  currents 
are  of  slight  velocity,  and  are  checked  and  even  reversed  by  strong 
storm  winds.  The  littoral  tidal  currents  on  the  Pacific  Coast  are  like- 
wise of  slight  velocity. 

In  other  words,  the  drift  on  these  coasts,  as  on  the  coasts  of  tide- 
less  seas,  is  due  almost  wholly  to  surf  raised  by  the  wind. 

The  waves  break  and  run  in  obliquely,  while  the  receding  water 
flows  down  the  beach  in  a  line  nearly  perpendicular  to  the  shore. 
The  effect  of  this  zigzag  motion  of  the  breaking  waves  is  a  current 
which  at  times  is  of  great  velocity;  strong  enough  often  to  sweep 
bathers  off  their  feet.  This  is  General  Gillmore's  "surf-current." 
Shield  describes  it  as  the  "run,  or  set  along  shore,  resulting  from 
wave-action.  "J  The  drift  of  the  water  to  leeward  at  the  extreme  inner 
edge  of  the  broken  waves  is  too  well  known  to  need  remark.  From 
the  shore  out  to  a  depth  depending  on  their  size,  the  waves  stir  up 
material  from  the  bottom  and  keep  it  m  suspension,  and  it  moves  along 

*  The  movement  of  sand  by  wind,  above  the  water  line,  will  not  be  touched  on. 

t  ■'  Littoral  Drift :  in  its  relation  to  the  Outfalls  of  Rivers,  and  to  the  Construction 
and  Maintenance  of  Harbtjurs  on  Sandy  Consta."— Minutes  of  Proceedings,  Institution  of 
Civil  Engineers,  Vol.  cxxv,  1895-96,  p.  20. 

t  "  Prmciples  and  Practice  of  Harbour  Construction." 
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Mr.  McKinstry.  with  the  currents.  On  many  coasts  the  discoloration  of  the  water, 
due  to  this  suspended  material,  is  distinctly  observable.  Besides 
producing  surf  more  or  less  heavy,  a  strong  wind  blowing  along  shore 
or  obliquely  on  shore  produces  a  littoral  current,  which,  to  distin- 
guish it,  may  be  called  the  "  littoral  storm  current." 

Within  a  wide  zone,  the  movement  of  material  is  due  to  the  littoral 
current;  near  shore  it  is  caused  by  the  surf  current,  while  along  the 
edge  of  the  water  it  is  caused  directly  by  the  broken  waves.  By  the  . 
first  two  the  material  is  carried  in  suspension;  by  the  third,  it  is 
pushed  bodily  along.  Doubtless,  however,  the  surf  current  is  often 
strong  enough  to  roll  material  along  the  bottom  as  well  as  to  carry  it 
in  suspension.  In  a  cross-section  at  right  angles  to  the  shore  the 
amount  of  material  in  motion  varies  from  a  maximum  close  in  shore  to 
zero  at  the  limit  of  wave  disturbance.  * 

On  the  South  Atlantic  Coast  the  drift  is  to  the  north  in  southerly 
winds,  and  to  the  south  in  northerly  winds,  but  there  is  a  strong- 
resultant  drift  to  the  south  due  to  the  fact  that  the  prevailing  storm 
winds  are  from  the  northeast. 

At  Humboldt  Bay,  Cal.,  there  is  said  to  be  no  well-defined  resiiltant 
drift,  the  movement  to  the  south  during  the  summer  about  counter- 
balancing that  to  the  north  during  the  winter. 

At  the  mouth  of  the  Columbia  Eiver  the  resultant  drift  is  to  the 
north.  ■ 

Groynes  and  Jeitiea.— One  effect  of  a  groyne  is  to  cause,  during  an 
alongshore  storm,  a  strong  current  past  the  pier-head.  A  "cause  of 
acceleration  of  tidal  currents  "is  "  that  resulting  from  capes  or  head- 
lands ponding  back  the  water.  At  such  points  the  main  body  of  water 
to  seaward  is,  by  its  inertia,  slow  to  give  way  *  *  *  to  these 
irregularities  of  coast  line,  the  result  being  that  the  passage  or  trans- 
fer of  the  inshore  water  from  one  side  of  ths  jiromontory  to  the  other 
is  obstructed."! 

At  Ymuiden,  as  Shield  goes  on  to  say,  the  building  of  the  mile- 
long  piers  increased  the  current  from  its  original  velocity  along  that 
coast — 2  to  2J  knots — to  from  3  to  4  knots  past  the  harbor  mouth. 

Our  jetties  produce  the  same  effect  upon  the  littoral  storm  current, 
as  is  made  evident  by  the  scouring  of  "pot  holes  "  ahead  of  advancing 
jetties,  and  the  resulting  necessity  of  building  long  lengths  of  founda- 
tion ahead  of  the  main  work. 

The  existence  of  this  accelerated  current  past  the  pier- head  points 
to  the  advisability  of  curving  the  jetty  oflf  to  leeward  in  order  that  the 
issuing  harbor  current  may  merge  with  this  cross-current  with  a 
minimum  of  interference  and  disturbance. 

Another  effect,  of  building  a  groyne  on  a  shore  along  which  there 

*  The  foregoing  outline  of  the  transporting  action  of  the  waves  and  of  the  "  littoral 
storm  current,"  is  taken  largely  from  Engineering  for  August,  1893. 
t  Shield. 
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is  a  movement  of  material,  is  an  advance  of  tlie  foreshore  on  its  wind-  Mr.  McKinstry. 
ward  side.  Whetlier  there  will  also  be  a  deposit  in  the  lee  angle 
depends  on  mauy  circumstances,  as,  for  example,  on  the  strength  of 
the  winds  that  cause  a  littoral  current  and  surf  in  the  opposite  direc- 
tion to  that  of  the  prevailing  drift,  on  the  depth  of  water  into  which 
the  gToyne  extends,  and  the  velocity  of  the  littoral  storm  current  past 
the  end.  There  has  been  an  enormous  dejiosit  in  the  lee  angle  of 
the  lee  jetty  at  the  St.  Johns,  and  at  other  South  Atlantic  harbors. 

It  is  believed  by  some  that  the  most  severe  storms  do  not  cause 
these  deposits  in  the  weather  angle;  but  that  at  such  times  the  deposits 
are  cut  away,  the  accompanying  high  tide  and  heavy  surf  producing 
powerful  scouring  undercurrents. 

The  building  of  a  groyne  or  jetty  does  not,  of  course,  stop  the  flow 
of  the  main  portion  of  the  littoral  storm  current  and  its  suspended 
sand,  but  simply  deflects  it  seaward.  But  it  does  intercept,  for  a  time 
at  least,  the  sand  moved  along  by  the  waves  and  by  the  surf  current. 
As  a  dam  suddenly  thrown  across  a  stream  would  stoi?  the  flow  of  the 
water  imtil  the  pool  had  risen  to  its  crest,  so  a  groyne  built  oiit  into  deej) 
water  stops  for  a  time  the  flow  of  the  river  of  saud  traveling  along  the 
beach.  Opinion  is  divided  as  to  the  extent  to  which  the  weather  angle 
will  All  up  and  the  extent  to  which  deposits  will  form  on  the  ocean 
floor  in  the  neighborhood  of  the  pier-head.  It  has  been  held*  that  the 
"quantity  of  drift  is  limited,"  and  that  if  the  groyne  be  built  into 
deep  enough  water,  the  drift  "may  be  entirely  stopped  or  its  move- 
ment controlled."  The  author  of  these  projiositions  considered  that 
4  fathoms  was  a  suflBcient  depth,  meaning,  it  must  be,  not  that  the 
drift  would  be  permanently  stopped  at  the  groyne,  but  that  after  a 
certain  amount  of  dejjosit  had  taken  place  in  the  weather  angle  the 
drift  would  be  diverted  into  deep  water  and  there  dissipated.  Ex- 
perience at  such  places  as  Madras,  Colombo,  Malamocco,  Newhaven 
and  Ymuiden  indicates  that  after  a  time  the  accretion  in  the  weather 
angle  and  the  advance  of  the  foreshore  become  extremely  slow. 
Cessation  of  the  advance  of  the  foreshore  marks  the  beginning  of  the 
movement  of  drift  past  the  groyne.  What  becomes  of  this  drift?  If 
it  should  be  deposited  over  a  comparatively  small  area  in  the  neigh- 
borhood of  the  pier-head  the  growth  of  shoals  in  that  neighborhood 
would  be  rapid.  In  certain  of  the  cases  mentioned  the  growth  of 
such  shoals  is  imperceptible  and  in  the  others  very,  very  slow.  From 
this  it  is  plain  that,  under  favorable  circumstances,  jetties,  if  long 
enough,  will  deflect  the  drift  into  deep  water  Avhere  it  will  be  carried 
away  by  deep-water  currents  or  else  deposited  over  such  a  large  area 
that  the  formation  of  shoals  may  be  prevented  by  an  amount  of 
dredging  not  prohibitively  great. 

The   time   required   to  fill   the  weather  angle  depends  upon  the 
*  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  Vol.  cxxv,  1895-96,  p.  3. 
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Mr.  McKinstry.  quantity  of  sand  moving  along  the  coast  and  upon  the  length  of  the 
jettv  and  the  depth  into  which  it  extends;  curving  the  end  of  the  jetty 
ofi  to  leeward  increases  the  area  over  which  the  drift,  if  it  be  not 
carried  away  by  deep-water  currents,  will  be  deposited;  and  an  out- 
flowing harbor  current  does  much  to  deflect  still  further  seaward  the 
current  of  drift  already  deflected  by  the  jetty,  thiis  enlarging  the  area 
of  deposit  and  tending  to  dissipate  the  drift. 

At  Port  Said,  when  the  drift  began  to  deposit  across  the  entrance, 
the  engineers  in  charge  removed  sections  of  the  upper  part  of  the  west 
breakwater  to  allow  the  drift  to  deposit  in  its  lee;  these  deposits  being 
removed  from  time  to  time  by  dredging.  They  preferred  to  deal  with 
the  drift  in  a  place  where  dredges  could  work  Avith  but  occasional 
interruption  rather  than  in  an  outer  bar.  This  expedient  should  be 
less  necessary  at  an  entrance  having  an  extensive  backwater  and  a  con- 
siderable rise  and  fall  of  tide  than  at  a  place  like  Port  Said.  Gaps,  or 
low  places  near  shore,  have  been  left  in  several  weather  jetties  in  the 
United  States,  but  not  for  the  purjDose  for  which  they  were  made  at 
Port  Said. 

The  Single  Windward  Jetly. — The  earliest  description  of  the  concave 
windward  jetty  that  the  writer  is  aware  of  is  contained  in  Mr.  W.  A. 
Brookes'  treatise.*     Says  Wheeler,  in  "  Tidal  Kivers  ": 

"  Mr.  Brookes  also  contended  that  in  training  a  tidal  river  there  is 
an  advantage  in  giving  a  i^reponderating  direction  of  the  stream  to  one 
side  of  the  channel  by  rendering  it  slightly  concave.  By  this  means 
he  contends  that  a  greater  depth  will  be  maintained  in  the  channel  at 
low  water  than  in  a  straight  channel;  that,  in  training  work  carried  out 
in  sandy  estuaries,  a  single  concave  training  wall  wiil  be  frequently 
found  sufficient  to  maintain  the  channel  in  one  course;  and  that  piers 
at  the  mouths  of  rivers  should  always  effect  their  junction  with  the  sea 
by  a  concave  pier  on  the  windward  side,  by  which  means  the  outer  divi- 
sion or  convex  side  of  the  j^ier  would  shelter  the  interior  of  the  channel 
from  the  prevailing  gales,  and  prevent  the  range  of  the  waves  running 
along  the  face  of  the  pier." 

Elsewhere,  in  "  Tidal  Rivers,"  the  theory  of  the  a:-tion  of  the  single 
windward  jetty  is  thus  explained: 

' '  In  determining  the  position  to  be  given  to  training  walls  in  estuaries 
where  they  discharge  into  the  sea,  the  direction  not  only  of  the  Hood 
and  ebb  tides  and  of  the  prevailing  winds  must  be  considereil,  but  also 
the  amount  of  material  that  is  transported  along  the  coast,  and  the 
direction  from  Avhieh  it  comes.  In  some  cases  where  there  is  much 
littoral  drift,  especially  of  shingle,  the  outfalls  have  been  driven  con- 
siderably to  leeward.  In  such  cases  Nature  appears  to  indicate  that 
the  water  should  be  directed  into  the  sea  by  a  curved  channel  having 
its  convex  side  presented  to  the  direction  from  which  the  material  is 
travelling,  and  that  the  training  should  be  so  designed  that  it  may  be 
extended  further  out  seawards  as  the  shore  grows  up  with  the  accumu- 
lated material.  *  it  *  Where  one  stream  joins  another,  the  best 
direction  for  the  junction  of  the  tributary  is  by  a  gentle  curve  tangen- 

*  "Improvement  of  the  Navigation  of  Tidal  Rivers,"  1841. 
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tial  to  the  main  stream.  If  this  rule  were  applicable  to  tidal  channels  Mr. McKiustry. 
entering  the  sea.  the  outfall  shonld  be  by  a  curved  channel  leading  in 
the  direction  of  the  main  set  of  the  flood  tide*  along  the  coast.  *  *  * 
It  may  l)e  accepted  as  correct  that,  *  *  *  tihe  training  walls  of 
rivers,  *  *  *  to  be  successful,  should  never  terminate  in  shallow 
water.  *  *  *  Where  training  walls  have  not  been  carried  out  into 
sufficiently  deep  water,  their  eflect  has  been  short-lived.  Acting  as  a 
groyne  to  stoj)  the  travel  of  the  littoral  drift,  this  has  rapidly  accumu- 
lated at  the  Viack,  and  then  found  its  way  round  the  end  into  the  mouth 
of  the  river,  forming  shoals  or  a  bar.  Where  the  pier  reaches  the  level 
of  deep  water,  the  sand  or  shingle  is  kept  in  continual  agitation  by 
the  effect  of  gales  and  the  tidal  currents,  and  is  either  drifted  past  the 
entrance  or  out  into  the  deeper  part  of  the  sea.  *  *  *  There  are 
cases  where  a  single  ciirved  wall,  running  out  from  the  shore  line,  has 
been  sufficient  to  maintain  a  channel  in  the  direction  required.  Such 
a  wall  placed  on  the  windward  side  of  the  channel.  *  *  *  and  pre- 
senting its  convex  side  to  the  line  of  drift,  if  carried  sufficiently  far 
out  into  deep  water,  will  give  iiuder  favorable  circumstances  a  per- 
manent direction  to  the  flow  of  water,  and  aff'ord  protection  to  the 
entrance  from  the  i^revailing  gales.  The  jetty,  acting  as  a  groyne,  will 
at  first  collect  the  littoral  drift  in  the  angle  between  the  pier  and  the 
shore,  but  after  this  is  filled  up,  the  direction  given  by  the  convex  form 
of  the  outer  end  of  the  jetty  will  carry  the  drift  beyond  the  entrance  and 
into  the  deep-water  currents.  The  flood  tide,"  (read  "littoral  storm 
current  ")  "  working  round  the  end  of  the  ])ier-head  into  the  channel, 
as  it  does  in  the  case  of  the  natural  pier  at  Spurn  Point  in  the  Humber, 
will  tend  to  maintain  at  that  point  deep  water,  and  prevent  the  deposit 
of  the  littoral  drift  and  the  formation  of  a  bar.  The  ebb  current  run- 
ning along  the  concave  side  of  the  jetty  will  maintain  the  deepest 
water  along  that  side  of  the  channel,  the  flood  tide  setting  up  also  along 
the  line  of  deepest  water.  A  uniform  and  deep  channel  may  thus  be 
maintained.  If  the  line  of  direction  be  well  chosen  with  regard  to 
existing  circumstances,  a  single  wall  will  thex-efore  be  sufficient  to 
maintain  a  channel  in  a  uniform  direction  and  preserve  deep  water. 
There  are  several  examples  where  single  walls  thus  carried  out  have 
been  successful." 

Certain  of  the  matters  brought  out  in  this  extract  deserve  more 
particular  mention : 

1. — "A  single  windward  jetty  will  often  be  sufficient  to  fix  an 
entrance  channel." 

This  is  the  contention  of  Professor  Haupt,  with  respect  to  the  reac- 
tion breakwater. 

He  statest  that  the  Aransas  Pass  jetty  was  "  so  adjusted,  with  refer- 
ence to  the  axis  of  discharge,  as  to  receive  the  sametangeutially,"  but, 
as  is  clearly  pointed  out  by  Captain  Gillette,  in  the  Report  on  Brunswick 
Bar,|  the  axis  of  discharge  owes  its  position  to  the  Nelson  jetty.  When 
work  began  at  Charleston  the  main  channel  was  parallel  to  the  coast, 
and  the  bar  at  its  outer  end  was  5  miles  from  the  harbor  entrance.  Let 
one  attempt  to  adjust  a  reaction  breakwater  to  these  conditions.     If 

*  To  adapt  this  to  conditions  at  United  States  harbors,  for  -'flood  tide"  read  '-lit- 
toral storm  current." 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlii,  p.  492. 
t  House  Ex.  Doc,  No.  3.55,  56th  Cong.,  2d  Sess. 
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Mr.  3lcKinstry.  placed  on  the  bar  and  adjiisted  to  the  axis  of  the  main  channel,  it 
would  have  to  be  some  5  or  6  miles  long  to  prevent  the  channel  from 
breaking  out  to  northward  of  it.  If  adjusted  to  the  axis  of  one  of  the 
minor  channels,  only  a  small  j)ortion  of  the  ebb  and  flow  would  be 
controlled.  Similarly,  with  a  Brookes  jetty.  The  necessity  of  a  lee 
directing  jetty  in  connection  w'ith  the  concave  windward  (Brookes) 
jetty,  proposed  by  Professor  Haupt  for  the  improvement  of  the  South- 
west Pass,  is  also  plainly  shown  in  Captain  Gillette's  report. 

In  fact,  in  order  that  the  concave  jetty  may  do  the  work  expected 
of  it,  there  must  be  something  on  the  lee  side  of  the  entrance,  either  a 
natural  bank  of  the  proper  shape,  or  else  a  jetty,  to  direct  the  current 
into  the  concavity  of  the  windward  jetty. 

Accordingly,  in  existing  cases,  these  supplementary  jetties  are  found 
to  vary  from  short  jetties,  like  the  Nelson  jetty  at  Aransas  Pass  and  the 
Arenas  mole  at  Bilbao,  to  jetties  perhaps  half  as  long  as  the  main 
structure,  like  the  sovith  jetty  at  the  Malamocco  entrance. 

Swinemunde  is  an  example  of  a  complete  reversal  of  this  arrange- 
ment, for  there  the  longer  or  main  jetty  is  on  the  lee  side  of  the  entrance, 
and  the  windward  jetty  is  convex  instead  of  concave  to  the  channel. 

Strictly  speaking,  the  Aransas  Pass  improvement  is  not  a  single- 
jetty  improvement,  in  spite  of  the  claims  of  its  designers.  It  is  infer- 
able from  Mr.  Ripley's  words*  that  he  regards  the  Malamocco  entrance 
as  such  an  improvement.  He  cannot,  of  course,  be  unaware  of  the 
existence  of  the  south  jetty  at  that  place;  he  must  mean  to  deny  to  it 
all  share  in  the  improvement  effected. 

2. — It  is  advantageous  to  present  a  convex  curve  to  the  direction 
of  drift.  At  the  same  time,  a  concave  bank  is  thiis  afforded  to  the 
currents  in  the  entrance  channel. 

A  notable  departui-e  from  these  principles  is  the  recently  proposed 
extension,  concave  to  windward,  of  the  jetty  at  the  mouth  of  the 
Columbia  River.  There  is  a  local  reason  why  the  existing  jetty  at  that 
place  was  built  concave. 

3. — It  is  advantageous  to  direct  the  ebb  current  into  the  littoral 
current  tangentially  or  at  a  small  angle.  This  was  referred  to  under 
the  heading  "  Groynes  and  Jetties." 

4. — It  is  absolutely  necessary  to  carry  the  jetty  out  to  a  depth  in 
which  the  waves  are  powerless  to  stir  up  the  bottom. 

5. — After  the  weather  angle  has  filled  up,  "the  direction  given  by 
the  convex  form  of  the  outer  end  of  the  jetty  will  carry  the  drift 
beyond  the  entrance  and  into  the  deep-water  currents."  This,  also, 
was  referred  to  under  the  heading  "  Groynes  and  Jetties." 

It  may  be  interesting  to  investigate  to  what  extent  this  opinion  is 
shared  by  other  writers  and  borne  out  by  experience. 

Of  Malamocco,  Vernon-Harcourt  says: 

*  "If  he  had  seen  the  results  of  a  single  jetty  properly  located,  at  the  Malamocco 
entrance  to  the  Harbor  of  Venice.    .    .    ."  p.  533. 
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"  The  checking  of  the  littoral  cuiTeut  has  reducecl  the  depths  ou  Mr.  McKinstry 
the  northern  side;  but  this  dimiuiitiou  does  not  extend  beyond  depths 
of  between  16  and  20  ft.,  so  it  has  not  hitherto  aiiected  the  pass  " 
He  also  says : 

"It  is  true  that  at  all  these  places  (Sunderland,  Yniniden,  Dublin, 
Chai'leston),  an  advance  of  the  shore  has  occuri-ed;  but  its  progress 
seems  to  have  ceased  at  Ymuiden  and  Sunderland,  it  is  very  gradual 
at  Dublin,  and  will  probably  jjrove  equally  so  in  other  instances. 
Even  at  Port  Said,  which  it  was  feared  might  be  im])erilled  by  the  allu- 
vial drift  from  the  delta  of  the  Nile,  and  which  is  undoubtedly  exposed 
to  a  turbid  current  from  the  west,  the  advance  of  the  western  foreshore 
has  become  very  slight." 

The  following  is  taken  from  Shield's  "Principles  and  Practice  of 
Harbor  Construction,"  page  285: 

"They  (the  waves)  also  heap  up  drift  materials  against  obstacles, 
such  as  piers,  etc.,  which  run  across  the  shore  along  which  the  drift 
travels;  but  when  such  piers  extend  into  deep  water,  a  considerable 
time  often  elapses  before  the  drift  material — as  distinguished  from  that 
held  in  suspension — finds  its  way  into  the  harbor,  because  the  corners 
w^hich  the  piers  form  with  the  coast  constitute  traps  for  it.  As,  how- 
ever, these  fill  up,  an  advance  of  the  foreshore  takes  place,  and  the 
material  finds  its  way  out  to  and  round  the  pier-heads.  Should  these 
occupy  a  salient  position,  and  extend  well  into  the  tide-way  (for  our 
harbors,  read  '  littoral  storm  current ')  the  current  past  them  will  scour 
much  of  this  away,  and  enable  the  depth  of  water  at  the  entrance  to 
be  more  easily  maintained  than  under  other  conditions.  Neverthe- 
less, a  current  in  passing  an  entrance  often  expands  into  the  harbor 
and  creates  eddies,  by  means  of  which  some  of  the  drift  material  is 
almost  sure  to  be  carried  in,  and  deposited  under  the  lee  of  the  piers. 
Total  immunity  from  dredging  can  therefore  scarcely  be  exj^ected. 

"In  order  to  combat  the  advance  of  foreshores,  jetties  are  often 
extended  seaward;  but  such  prolongations,  unaided  by  dredging,  are 
generally  found  to  be  of  little  permanent  benefit,  inasmuch  as  each 
extension  of  the  pier  causes  a  corresponding  advance  of  the  shore.  The 
rate  of  such  advance  depends  upon  the  physical  conditions  peculiar  to 
each  site,  and  especially  upon  the  quantity  of  sand  in  motion.  This 
varies  greatly  in  different  localities— hence,  while  the  extensions  of  the 
jetties  at  such  ports  as  Calais  and  Dunkirk  have  failed  to  produce  the 
desired  results,  the  prolongation  of  those  at  Port  Said  has  been  more 
successful;  so  much  so,  indeed,  that  it  has  been  estimated  it  will  take 
three  centuries  for  the  foreshore  at  Port  Said  to  advance  to  the  end  of 
the  piers,  assuming  its  present  rate  of  accumulation  lo  be  maintained. 

"  In  order  to  keep  open  the  Ymuiden  harbor,  it  has  been  found 
necessary  to  dredge,  on  an  average,  about  650  000  cu.  yds.  of  sand  per 
annum,  at  an  average  cost  of  about  £22  000. 

"Such  an  expenditure  as  this  can  only  be  met  by  a  very  large 
traffic,  and  there  can  be  no  doubt  that,  but  for  this,  Ymuiden  harbor 
would  ere  now  have  ranked  amongst  the  failures  of  harbors  on  sandy 
coasts."* 

Wheeler  illustrates  his  opinion  by  the  following,  relating  to  Lowes- 
toft: 

"Where  it  is  contemplated  to  run  out  jetties  into  the  sea  at  the 


*  This  deposit  is  of  mud,  and  is  brought  into  the  harbor  by  the  flood  tide,  and  not  by 
an  advance  of  the  foreshore  around  the  jetty  ends.    There  is  no  outer  bar. 
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Mr  McKinstry.  mouth  of  a  tidal  river  in  order  to  remove  a  shoal  or  bar,  the  risk  of  the 
gradual  growth  of  the  shore-line  seawards  until  it  progresses  as  far  out 
as  the  pier  has  to  be  considered.  Thus  for  the  protection  of  the 
harbour  of  Lowestoft,  situated  on  the  flat  shore  of  the  East  Coast,  piers 
were  built  out  from  the  shore-line.  The  windward  pier,  or  that  on  the 
side  from  which  the  drift  came,  acted  as  a  groyne,  causing  the  sand 
and  shingle  to  accumulate  at  the  back  and  to  extend  a  considerable 
distance  out  from  the  shore.  *  *  *  xhe  shingle  is  constantly  work- 
ing its  way  round  the  end  of  the  north  pier  into  the  harbour,  necessitat- 
ing constant  dredging  to  maintain  the  dej^th.  In  north-east  gales  a 
bar  also  forms  across  the  entrance,  interfering  with  the  navigation. 
In  this  case  the  jetty  does  not  extend  sufficiently  far  out  to  prevent  the 
shingle  travelling  round  the  end,  or  to  make  the  velocity  of  the  littoral 
current  sufficient  to  carry  it  past  the  pier-heads.  The  accumulation  of 
shingle  having  now  extended  out  from  the  shore  past  the  joiers,  there 
is  always  at  hand  a  constant  supi>ly  of  material  for  the  littoral  current 
to  carry  into  the  harbour.  This  could  be  prevented  by  arresting  the 
travel  oi  the  shingle  by  a  groyne  carried  out  from  the  Ness,  which 
projects  from  the  coast-line  about  three-quarters  of  a  mile  to  the  north 
of  the  harbour  entrance,  and  which  couJd  be  extended  from  time  to 
time  as  the  material  accumulated  at  the  back." 

To  sum  up:  A  windward  jetty,  especially  a  concave  windward  jetty, 
may  be  expected  not  to  cause  a  dangerous  advance  of  the  foreshore 
when  conditions  are  favorable,  i.  e.,  when  the  entrance  is  not  in  the 
bight  of  a  shallow  bay,  when  the  jetty  is  built  out  into  deep  water  and 
its  end  is  swept  by  a  strong  cross-cvirrent. 

For,  "  in  such  a  case,"  to  apply  to  our  case  what  Vernon-Hareourt 
savs  of  converging  breakwater  harbors,  "sand  does  not  come  in 
through  the  entrance,  as  waves  do  not  stir  uja  sand  in  deep  water;  the 
current  round  the  extremity  assists  in  maintaining  the  depth;  and 
owing  to  the  depth  which  the  advancing  foreshore  has  to  fill  up  and 
the  i^rojection  from  the  shore  which  it  has  to  assume,  it  may  take  a 
long  period  in  reaching  the  end  of  the  breakwater  opposed  to  the 
littoral  drift,  or  previously  attain  a  position  of  equilibrium."' 

In  applying  this  or  any  other  system  to  any  given  place,  the  possi- 
bility would  naturally  be  kept  in  mind  that  a  bar  might  form  beyond 
the  entrance;  and  the  location  of  the  jetty  and  the  curve  given  to  its 
outer  end  would  be  such  as  not  to  preclude  its  extension.  On  the 
other  hand,  modern  dredging  methods  afford  a  less  ex^^ensive  means  of 
maintaining  entrance  channels  than  do  periodical  jetty  extensions. 
Moreover,  as  DeMay  says,  the  actual  removal  by  dredges  of  the  deposits 
which  form  before  entrances  has  shown  them  to  be  of  much  less  volume 
than  was  formerly  thought. 

For  example,  to  maintain,  not  to  speak  of  producing,  a  21-ft. 
channel  at  Charleston,  would  require  the  inner  ends  of  both  jetties  to 
be  built  up  to  about  high-water  level,  and  both  to  be  extended  out  to, 
and  probably  beyond,  the  crest  of  the  bar — not  the  bar  of  to-day,  but 
the  bar  in  any  more  remote  position  that  it  might  assume  as  a  result 
of  this  jetty  work.  Even  this  might  fail  to  jjroduce  the  desired  result. 
The  interest  on  the  cost  of  this  work  would  be  greater  than  the  sum  it 
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is  now  costiBg  to  maintain   the  desired  channel  by  dredging.      By  Mr.  McKinstry. 
reason  of  these  receut  improvements  in  dredging,  dredging  alone  may 
afford  a  cheaper  method  of  improvement  than  jetty  work  alone  or  jetty 
work  supplemented  by  dredging.     This,  for  examjjle,  was  the  conclu- 
sion recently  arrived  at  for  Brunswick  Bar. 

In  beginning  work  under  any  given  system  of  jetty  improvement, 
a  channel  of  something  like  the  required  depth  and  width  may  or  may 
not  lie  in  the  position  selected  for  the  final  channel.  If  it  does  not, 
the  amount  of  material  to  be  moved  to  form  the  desired  channel  may 
be  very  large,  and  if  it  moves  slowly  seaward  under  the  influence  of 
the  advancing  jetties,  it  may  form  a  bar.  When  once  the  jetties  have 
been  completed  and  the  desired  channel  has  been  produced  either  by 
scour  or  dredging,  it  is  expected  that  sand  deposited  in  the  channel  by 
a  combination  of  unfavorable  circumstances  will  be  picked  up,  on  the 
return  of  normal  circumstances,  carried  to  sea  and  dispersed.  Cir- 
cumstances, however,  may  defeat  this  expectation,  and  make  dredging 
necessary.  But  while  the  jetties  are  in  process  of  construction,  the 
effect  of  steadily  adding  to  their  height  and  of  steadily  lessening  the 
distance  between  them,  is  to  increase  the  current  between  them  to  one 
that  is  just  strong  enough  to  scour.  (This  assumes  that  the  required 
channel  is  not  formed  by  dredging,  and  that  the  flow  through  other 
channels  is  more  or  less  throttled  by  the  jetties.)  The  transporting 
power  of  the  current  between  the  jetties  is,  of  course,  very  small,  and 
its  load  will  be  deposited  upon  the  slightest  diminution  of  velocity, 
that  is,  will  be  deposited  just  beyond  the  jetty  ends,  wherever  they 
happen  to  be  at  the  moment.  The  ultimate  result  is  that  miich  of  the 
sand  that  occupied  the  locus  of  the  desired  channel  has  been  shifted 
from  its  original  position  to  one  just  beyond  the  jetty  ends,  in  their 
final  position.  The  tendency  for  the  material  to  deposit  in  prolonga- 
tion of  the  channel  will  decrease  as  the  jetties  are  extended,  for  the 
current  i^ast  the  jetty  ends  will  increase  as  the  jetties  grow  longer, 
and  will  deflect  the  sand-laden  issuing  current  to  leeward.  The  above 
l>ossible  cause  of  the  formation  of  bars  is  independent  of  the  system 
of  jetty  improvement  adopted,  and  indicates  that  in  many  cases  it 
may  be  advisable  to  dredge  while  the  jetties  are  advancing.  There  is 
no  doubt  in  the  writer's  mind  that  the  present  bars  at  Charleston  and 
at  the  St.  Johns  were  largely  formed  in  this  way,  for  at  both  places  the 
quantity  of  sand  scoi;red  out  to  form  the  jiresent  channels  was  enor- 
mous, and  the  depth  beyond  the  jetty  ends  comparatively  slight. 
Doubtless,  however,  in  both  cases,  considerable  of  the  sand  in  the 
present  bars  came  in  over  the  low  i^laces  in  the  weather  jetties. 

To  digress  a  moment,  one  cannot  fail  to  notice,  in  the  strictures 
passed  on  the  Charleston  improvement,  a  lack  of  fairness,  or  at  least 
an  absence  of  broad-minded  consideration  of  the  peculiarly  imfavora- 
ble  conditions  surrounding  that  work.     The  place  possesses  about 
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Mr.  3IcKinstry.  every  drawback  that  can  be  mentioned:  It  is  situated  in  the  bight  of 
a  bay,  the  rise  and  fall  of  the  tide  is  not  great,  the  quantity  of  sand 
moving  along  the  coast  is  enormous,  the  water  oflf  the  entrance  is 
shoal,  and  the  slope  of  the  ocean  floor  is  very  flat.  The  improvement 
was  begun  more  than  25  years  ago,  the  yearly  approj)riations  for  it 
have  been  less  than  5^^  of  the  total  estimated  cost,  and  time  enough 
has  elajjsed  to  show  the  effect  of  the  work  done.  What  a  magnificent 
field  for  a  display  of  "  hindsight  "! 

Compare  the  conditions  as  to  depth  at  Coos  Bay  and  at  Charleston. 
At  the  former  j)lace,  when  the  improvement  was  begun,  there  was  a 
depth  of  35  ft.  at  the  distance  of  1  mile  from  the  harbor  throat;  at 
Charleston  this  depth  was  found  8  miles  oflf  the  entrance.  Again, 
where  the  Coos  Bay  jetty  now  ends  there  was  a  depth  of  31  ft. ,  and  the 
channel  depth  to  be  obtained  was  20  ft. ;  at  Charleston,  where  the  jetties 
now  end  there  was  a  depth  of  only  18  ft.,  while  21  It.  was  the  channel 
depth  desired.  The  above-mentioned  unfavorable  conditions ;  leaving 
a  long,  low  place  in  the  weather  jetty  close  to  its  inner  end,  and  not 
resorting  earlier  to  dredging,  are  the  causes  of  the  present  outer  bar  at 
Charleston — a  bar  which  the  current  issuing  from  between  the  present 
jetties  is  powerless  to  scour.  The  success  of  the  improvement  is  due  to 
the  work  of  sea-going  suction  dredges. 

The  "  reaction  breakwater  "  of  Professor  Haupt  is  a  particular  case 
of  the  single  windward  jetty,  being  a  high  windward  jetty,  detached 
from  the  shore  and  having  a  trace  which  is  a  "  compound  and  reverse  " 
curve. 

Professor  Haupt  wishes  a  clear  distinction  made  between  the  reac- 
tion breakwater  and  any  single  jetty  rooted  to  the  shore;  for  he  says*: 

"  Again,  it  is  attempted  to  comjaare  a  single  jetty  projecting  from 
the  shore  with  the  reaction  breakwater  which  is  purposely  wholly 
detached  therefrom. " 

Detachment  from  the  shore,  and  the  fact  that  the  inner  portion  of 
the  reaction  breakwater  is  convex  to  the  channel,  are  the  two  points 
of  difference  between  that  structure  and  the  Brookes  concave  wind- 
ward jetty.  But  the  inner  ends  of  many  weather  jetties  in  this  country 
are  convex  to  the  channel:  Witness,  Charleston,  Cumberland  Sound 
and  the  St.  Johns;  and  many  of  oiir  jetties  are  detached  jetties,  or, 
what  is  the  same  thing,  have  the  crests  of  their  shore  ends  below  low^ 
water — often  well  below  that  level. 

The  expressed  object  of  placing  the  reaction  breakwater  to  wind- 
ward of  the  entrance  is  "to  arrest  the  littoral  drift  ";  but  to  leave  a  gap 
is  to  fail  to  arrest  the  drift  at  and  near  the  shore  where  the  amount  of 
drift  is  greatest.  At  Port  Said,  as  above  mentioned,  provision  is  made 
to  remove,  by  dredging,  the  drift  that  comes  in  through  the  openings 
made  in  the  weather  breakwater;  but  dredging  forms  no  part  of  the 
reaction  breakwater  system.  The  object  of  the  gap  is  "to  admit  the 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xlii,  p.  530. 
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full  tidal  prism."  General  Gillmore  states  that  in  a  certain  "flood"  Mr  McKinstiy. 
channel  at  Cumberland  Sound — a  channel  close  to  the  beach  on  the 
north  side  of  the  entrance— the  gauged  flow  on  the  flood  was  about 
doiible  that  on  the  ebb.  Leaving  gaj^s  is  undoubtedly  a  means  of 
increasing  the  preponderance  of  the  ebb  over  the  flood  in  the  main 
channel,  provided  this  channel  is  not  too  long.  At  Cumbei-land  Sound 
and  at  the  St.  Johns  this  efl'ect  is  assisted  by  the  fact  that  the  ebb 
current  does  not  begin  to  run  until  after  the  tide  has  fallen  about 
one-quarter  of  its  range,  and  continues  running  until  the  water  has 
risen  about  the  same  amount.  But  it  may  fairly  be  doubted  whether 
the  advantage  accruing  fi-om  a  long,  deep  gap  would  offset  the 
evil  effect  of  oftei'ing  a  capacious  opening  to  the  drift,  or  whether 
a  gap  that  w'ould  keep  out  drift  except  at  highest  water  would  ma- 
terially increase  the  ebb's  preponderance.  Attempts  have  been  made, 
as  at  the  Adour  and  at  Dunkirk,  to  solve  the  problem  by  "movable" 
jetties,  that  is,  jetties  which  can  be  opened  during  flood  tide  (not, 
however,  during  storms),  and  closed  during  the  ebb. 

The  object  of  the  reaction  breakwater's  "compound  and  reverse 
curve"  trace  is  stated  to  be  to  "produce  reactions  similar  to  those 
found  in  the  concavities  of  streams."  But  this  reason  evidently  can- 
not apply  to  the  convex  inner  part  of  that  structure.  There  is  an 
excellent  reason,  to  the  writer's  mind,  why  the  inner  part  of  the 
Aransas  Pass  jetty  should  be  convex  to  the  channel:  In  military  par- 
lance, it  was  necessary  to  refuse  this  flank  to  jarevent  its  being  turned. 
If  it  had  not  been  given  this  shape  there  would  have  been  little  to 
prevent  the  channel  from  breaking  out  to  the  north  of  the  jetty  diiriug 
a  southwest  storm.  Similarly,  half  a  dozen  harbors  can  be  named, 
at  which,  if  an  attempt  should  be  made  to  lay  down  a  Brookes'  concave 
windward  jetty,  the  main  portion  of  the  jetty  would  have  to  be  con- 
nected with  the  shore  by  means  of  a  convex  portion,  or  a  portion 
making  an  angle,  measured  on  the  channel  side,  of  more  than  180° 
with  the  main  portion.  The  reason  of  this  is  that  the  weather  shore  of 
the  entrance  is  usually  farther  from  the  axis  of  the  channel  than  the 
jetty  should  be.  Coos  Bay  might  be  an  exception.  The  Southwest 
Pass  is  another  exception,  and  Professor  Haupt's  plan  for  this  place 
omits  the  convex  ciirve.  While  there  are  no  novel  elements  in  the 
reaction  breakwater,  the  combination  of  these  elements  is  unique,  and 
the  reaction  breakwater  at  Aransas  Pass  is  the  first  concave  windward 
jetty  built  at  a  tidal  entrance  in  this  country.* 

The  foregoing  discussion  indicates,  generally,  that  when  it  is  pro- 
posed to  rely  upon  a  windward  jetty  as  the  main  means  of  improve- 
ment at  a  place  where  the  resultant  drift  is  considerable: 

1. — The  outer  end  of  the  jetty  should  be  concave  to  the  channel. 

*  This  is  taking  for  granted  that  the  east  side  of  the  entrance  is  the  windward  side, 
which  is  disputed.  If  the  west  side  is  the  windward  side,  then  the  original  Government 
jetty  was  the  first  concave  windward  jetty  built  in  this  country. 
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Mr.  McKinstry.  2. — The  jetty  should  be  connected  with  the  shore,  or,  if  a  gap  be 
left,  provision  must  be  made  for  dredging.  In  the  general  case  it  will 
be  found  necessary  to  make  this  connection  by  means  of  a  curve  con- 
vex to  the  channel. 

3. — The  jetty  should  be  built  up  at  least  to  high-water  level,  and 
should  extend  across  the  bar  into  deep  water. 

4. — In  all  cases  except  where  the  lee  side  of  the  entrance  haj^pens 
to  be  of  the  proper  shape  to  direct  the  current  into  the  concavity  of 
the  main  jetty,  a  lee  directing  jetty,  shorter  than  the  main  jetty,  will 
be  required.  Where  there  is  a  strong  resultant  drift,  the  lee  jetty  need 
not  be  raised  above  the  level  of  the  beginning  of  ebb  outflow. 

Tlie  Single  Lee  Jetty. — Single  lee  jetties  have  been  built  straight,  as 
at  Coos  Bay,*  or  convex  to  the  channel,  as  at  Grays  Harbor. 

All  that  has  been  said  herein  as  to  the  advantage  of  directing  the 
issuing  ebb  current  into  the  littoral  current  with  a  minimum  of  dis- 
turbance, applies  with  equal  force  to  the  lee-jetty  system.  It  is 
accomplished  by  making  the  jetty  incline  to  leeward,  or  by  making  its 
outer  end  convex  to  the  channel.  As  between  a  straight  and  a  convex 
lee  jetty,  the  advantage  seems  to  lie  with  the  latter. 

The  theory  of  the  single  lee  jetty  is  this:  Dueto  the  prevailing  storm 
winds  and  to  the  dej)osit  of  sand  on  the  windward  side  of  the  issuing 
harbor  current,!  the  channel  is  forced  steadily  to  the  leeward  until  it 
runs  nearly  parallel  to  the  coast.  Finally,  its  length  and  the  friction 
of  its  bed  become  so  great  that  on  some  favorable  occasion,  say  dur- 
ing a  strong  off-shore  blow  following  an  on-shore  storm  and  extreme 
high  water,  it  breaks  straight  out  through  the  bar,  and  its  slow  move- 
ment begins  anew.  A  jetty  built  to  leeward  of  the  channel  when  the 
latter  occupies,  or  lies  to  windward  of,  some  favorable  position, 
will  intercept  this  steady  movement  to  leeward;  and,  the  pressure  to 
leeward  still  continuing,  the  inflowing  and  outflowing  waters  confined 
against  the  jetty  will  scour  a  channel  of  the  required  dejith  in  the 
selected  location.  The  theory  of  the  single  lee  jetty  is  set  forth  in 
various  papers  and  discussions  contributed  to  the  Transactions  of  this 
Society  by  Major  Symons. 

The  contention  of  the  opponents  of  this  system  is  that  it  tends  to 
cause  the  formation  of  a  bar  about  the  entrance,  beyond  the  jetty 
end.  It  may  be  interesting  to  inquire  into  this  matter.  As  before 
stated,  a  jetty  built  out  on  a  sandy  coast  invai-iably  causes  a  deposit 
of  sand  on  its  windward  side.  When  the  jetty  is  located  on  the 
lee   side  of  an  entrance,   the  tendency  to  fill  on  its  windward  side, 

*  The  jetty  at  Coos  Bay  is  on  the  lee  side  of  the  entrance,  considering  the  direction 
of  the  prevailing  storm  winds.  Whether  it  is  on  the  opposite  side  to  that  from  which 
the  maximum  drift  comes  is  not  so  certain.  It  is  the  opinion  of  one  who  has  long  been 
connected  with  Pacific  Coast  works  that  the  resultant  drift  at  this  place  is  from  north 
to  south,  on  account  of  the  fact  that  the  irregularities  in  the  shoie  line  to  the  south 
interfere  with  the  movement  of  sand  from  that  direction,  while  there  is  nothing  to  ob- 
struct the  sand  movement  from  the  north. 

+  This  subject  is  well  discussed  and  illustrated  in  Shield's  "  Principles  and  Practice 
of  Harbor  Construction,"  page  151. 
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i.  e. ,  in  the  entrance,  still  exists,  but  is  interfered  with  and  prevented  Mr.  McKinstry. 
by  the  flow  of  the  waters  that  make  in  and  out  of  the  harbor.     What 
becomes  of  the  sand  that  otherwise  would  be  deposited  in  the  wind- 
ward angle  of  the  jetty? 

During  storms  from  the  prevailing  direction,  and  while  the  flood 
current  runs,  the  drift  will  be  carried  into  the  channel  and  the  inner 
harbor;  when  the  tide  turns,  the  issuing  current  will  deflect  the  drift- 
lijden  littoral  current  out  to  the  end  of  the  jetty.  There  the  resistance 
to  leeward  movement  ceases,  and  the  united  currents  bend  to  leeward 
a,round  the  jetty  end.  All  or  nearly  all  of  the  sand  that  is  carried  into 
the  inner  harbor  during  the  flood  tide  must  be  carried  out  again  by  the 
ebb  current,  otherwise  the  harbor  would  fill  up.  The  issuing  harbor 
current  is  therefore  sand-laden,  and  joins  its  drift  to  that  of  the  deflected 
littoral  current.  If  the  jetty  is  made  long  enough,  this  material  will 
probably  be  dissipated  in  deep  water. 

The  efi"ect  is  the  same  in  kind,  if  not  in  degree,  when  a  low  or 
detached  weather  jetty  is  used  in  connection  with  a  high  lee  jetty. 
The  efficacy  of  the  weather  jetty,  in  keeping  the  drift  out  of  the 
channel  and  causing  it  to  deposit  on  its  windward  side,  depends  upon 
the  height  and  continuity  of  the  jetty. 

The  tendency  for  a  deposit  to  form  along  the  windward  side  of  the 
issuing  ebb  current,  previously  referred  to,  must  be  considered 
further.  The  same  forces  are  at  work  here  that  act  to  cause  an 
advance  of  the  foreshore  of  the  windward  side  of  a  groyne.  Dur- 
ing the  flood  the  dej^osits  on  the  windward  side  of  the  channel  would 
sufler  erosion,  the  eroded  material  being  carried  toward  the  inner 
harbor.  The  building  up  of  shoals  in  the  ajjex  of  the  angle  between 
the  channel  and  the  shore  and  along  the  windward  side  of  the  channel 
ought,  therefore,  to  be  slower  than  the  corresponding  deposit  in  the 
windward  angle  of  a  groyne  or  of  a  windward  jetty,  and  such  shoals 
would  probably  never  rise  to  low-water  level.  Furthermore  analogy 
indicates  that  if  the  jetty  be  made  long  enough  and  be  carried  into 
deep  enough  water  the  deposit  ought  not  to  overlap  the  entrance. 

The  formation  of  the  south  shoal  at  Coos  Bay,  however,  looks  like 
an  instance  of  this  overlapping.  This  shoal  extends  along  the  weather 
side  of  the  channel,  and  at  the  outer  end  bends  around  parallel  to  what 
is  probably  the  direction  of  the  ebb  ciirrent  when  deflected  by  the 
littoral  storm  current  from  the  south.  At  a  point  in  prolongation  of  the 
jetty,  and  about  1  200  ft.  beyond  its  end,  this  shoal  carries  less  than 
18  ft.  of  water,  where  in  1885  there  were  more  than  40  ft.  A  similar 
shoal  formed  in  prolongation  of  the  north  jetty  at  the  St.  Johns,  atone 
stage  of  the  work,  viz.,  after  the  south  jetty  had  been  built  out  con- 
siderably beyond  the  north.  The  overlapj^ing  shoal  at  Coos  Bay  is 
referred,  by  one  commentator,  to  the  jetty  being  on  what  he  considers 
the  wrong  side  of  the  entrance;  but  it  may  be  due  to  the  jetty  not 
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Mr. McKinstry.  having  been  built  out  far  enougb.  It  is  by  no  means  certain  that  a 
windward  jetty,  built  out  no  further,  would  not  produce  a  shoal  equally 
bad. 

In  stating  that  the  single  windward  jetty  should  be  concave  to  the 
channel  (and  hence  convex  to  windward),  and  that  the  single  lee  jetty 
should  be  convex  to  the  channel  (and  hence  convex  to  windward) 
convex  and  concave  to  windward  refer  to  the  prevailing  storm 
winds;  and  a  preponderance  of  drift  from  that  direction  is  assumed. 
When,  under  the  influence  of  winds  from  certain  other  directions, 
littoral  current  and  drift  are  in  the  direction  opposite  to  the  prevail- 
ing direction,  certain  of  the  advantages  of  the  concave  windward  jetty 
are  exchanged  for  disadvantages;  thus,  the  ebb  current  is  discharged 
into  the  littoral  current  up  stream  instead  of  down  stream,  an  easy 
passage  of  the  deflected  littoral  current  around  the  jetty  end  is  pre- 
vented, and  the  disturbance  caused  by  the  meeting  of  the  currents  is 
increased.  Because,  however,  it  is  impossible  for  a  single  jetty  to 
suit  these  opposite  conditions,  it  is  best  to  give  it  such  a  shape 
as  best  suits  the  storm  conditions,  especially  if  the  preponderance  of 
current  and  drift  from  the  storm  direction  is  considerable.  Similarly, 
in  the  case  of  the  single  lee  jetty,  when  littoi-al  current  and  drift  are 
opposed  to  the  prevailing  direction  the  "  pressure  to  leeward  "  does 
not  exist  and  there  is  nothing  except  the  shape  of  the  banks  to  hold 
the  inflowing  and  oiitflowing  currents  to  the  channel.  Here  again, 
however,  the  storm  conditions,  being  the  more  powerful,  are  the  con- 
ditions to  be  accommodated. 

At  places  where  there  is  no  preponderance  of  drift,  the  conditions 
must  be  met  by  two  converging  jetties,  extending  out  to  the  same  con- 
tour of  depth,  each  part  making  a  large  obtuse  angle  with  the  shore. 

In  any  case  it  should  be  noted  that  the  trending  of  the  ebb  current 
to  leeward  under  the  influence  of  the  Littoral  current  flowing  across  the 
entrance — inducing  a  dissipation  of  material  or  a  deposit  elsewhere 
than  in  prolongation  of  the  channel — may  be  jirevented  by  a  sudden 
change  of  wind. 

From  the  point  of  view  of  ease  and  safety  of  navigation,  the  windward 
jetty  is  superior  to  the  lee.  The  former  stills  the  sea  at  the  entrance — a 
matter  of  importance,  because,  in  a  heavy  sea,  the  available  depth  is 
decreased  by  the  drop  of  the  waves  as  well  as  by  the  resulting  "  send  " 
of  the  vessel.  Thus,  at  the  mouth  of  the  Columbia  Eiver,  a  depth  of 
40  ft.  is  considered  advisable  for  vessels  that  require  but  30  ft.  in  still 
water. 

Similarly,  in  the  case  of  two  jetties,  an  overlapping  weather  jetty 
will  give  some  protection  to  entering  vessels  before  they  come  abi-east 
of  the  end  of  the  lee  jetty. 

A  single  lee  jetty  is  a  "lee  shore,"  and  makes  a  dangerous  sea. 
Note,   again,    however,   that  the  terms   "windward  jetty  "  and  "  lee 
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jetty,"  as  here  xised,  apply  only  during  storms  from  the  prevailing  Mr. McKinstry. 
direction.     The  designations  change  under  certain  changes  of  wind. 

Physical  and  nautical  requirements  are  in  opposition  in  the  case  of 
entrances  formed  by  the  two  sorts  of  jetties  under  consideration,  and 
neither  jetty  gives  an  entrance  facing  in  the  most  favorable  direction 
for  sailing  vessels  that  may  try  to  make  the  harbor  during  a  storm 
from  the  prevailing  direction.  But  this  is  not  so  important  in  these 
days  when  sailing  vessels  have  been  largely  superseded  by  steam,  and 
when  coasting  sailing  vessels  receive  timely  warning  of  the  apjiroach 
of  storms. 

The  writer  expresses  the  opinion — necessarily,  under  the  circum- 
stances, a  merely  academic  opinion — that  the  concave  windward  jetty, 
supplemented  by  a  lee  jetty  sufficiently  long  to  direct  the  ebb  current 
projjerly,  is  preferable  to  the  single  lee  jetty. 

In  conclusion,  a  word  on  the  text:  "  The  sea  seems  almost  to  take  a 
delight  in  thwarting  a  timorous  or  vacillating  policy.*  A  well-thought- 
out  plan  having  once  been  adopted,  vigor  and  steadfastness  should 
characterize  its  execution.  Often,  to  be  sure,  irregular  and  insuf- 
ficient appropriations,  and  the  impossibility  of  doing  anything  that 
will  temporarily  decrease  an  existing  navigable  depth,  no  matter  how 
beneficial  the  ultimate  result  may  be,  have  prevented  such  a  course  on 
many  of  the  works  in  this  country.  To  build  a  windward  jetty  to  low 
water  in  the  hojie  that  it  may  not  be  necessary  to  build  it  to  high 
water;  to  leave  a  gap  in  a  windward  jetty  for  fear  the  tidal  prism  may 
be  reduced,  when,  if  necessary,  dredging  should  be  resorted  to,  to  pre- 
vent this  reduction;  to  build  a  jetty  out  to  a  certain  point  and  then 
await  results  in  the  hope  that  a  shorter  jetty  than  the  one  originally 
l^lanned  may  accomplish  the  end  desired :  These  are  methods  of  inviting 
an  advance  of  the  bar  and  greatly  increased  final  expense. 

WrLLiAM  W.  Hakts,  M.  Am.  Soc.  C.  E.   (by  letter). — The  writer  is  ^r  Harts 
well  pleased  with  the  discussion  aroused  by  this  paper,  and  the  atten- 
tion to  the  subject  that  has  been  apparently  drawn  by  it. 

Professor  Haupt's  discussion  seems  mainly  to  show  a  careful 
endeavor  to  exjilain  away  definite  results  achieved,  and  to  defend 
the  peciiliar  theory  of  erosion  by  "impact"  or  "reaction." 

Stevenson's  formula,  referred  to  as  showing  the  relation  between 
wave  height  and  fetch,  was  inserted  in  the  paper  merely  to  show  that 
such  a  relationship  was  well  recognized,  but  the  formula  was  purjiosely 
not  applied  specifically  to  this  locality. 

There  seems  to  be  some  confusion  in  Professor  Haupt's  use  of  the 
terms  "  windward  " and  "leeward  "  sides  of  the  channel.  It  is  i)ossible 
that  the  sides  of  the  channel  from  which  come  the  worst  and  longest 
storms,  and  that  from  which  the  resultant  sand  movement  comes,  may 
not  be  the  same.  This  appears  to  be  the  case  at  Coos  Bay.  It  is  not 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxx,  p.  499. 
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Mr.  Harts,  plain  iu  such  cases  wliich  side  would  auswer  the  "  rule  of  thumb  "  of 
"  one  jetty  to  the  windward."  Attention  might  properly  be  called  to 
the  danger  of  the  indiscriminate  apjjlication  of  rules  of  this  character 
to  cases  which  may  and  usually  do  differ  as  much  as  the  various  ocean 
ports  of  the  United  States,  unless  a  careful  study  of  the  natural  con- 
ditions of  the  place  considered  is  also  made. 

The  fact  of  the  unusual  depths  of  30  ft.  or  more  at  mean  lower  low 
water,  found  across  the  bar  at  Coos  Bay  before  improvement,  during  the 
occasional  and  short  periods  when  the  channel  in  its  cyclic  change  of 
position  went  westward  straight  to  sea,  shows  the  possibilities  of 
improvement  at  this  place.  In  approximating  to  these  j^ossibilities, 
may  not  a  practically  permanent  increase  in  the  usual  or  ruling  depth 
of  more  than  double  what  it  was  originally,  thus  satisfying  both  the 
terms  of  the  project  and  the  present  requu-ements  of  navigation,  be 
termed  a  distinct  success  ? 

Also,  it  is  not  admitted  by  all  engineers  that  there  is  any  positive 
evidence  in  fact  for  the  theory  of  erosion  by  "impact  "  of  water  parti- 
cles in  running  streams.  The  well-known  theory  of  the  relation 
between  bottom  velocity  and  erosive  and  transporting  jjowers  still 
has  its  advocates. 

Professor  Haupt  refers  to  the  Second  Board  of  Engineers,  called  to 
report  upon  the  further  imi^rovement  of  Yaqixina  Bay,  just  after  the 
completion  of  the  first  project.  Attention  might  also  have  been  called 
to  the  fact  that,  the  first  i^roject  having  been  satisfactorily  completed, 
this  Board  was  presumably  called,  more  for  political  reasons  than 
otherwise,  to  advise  the  Secretary  of  War  as  to  the  feasibility  of 
methods  of  still  further  increasing  the  depths  already  secured. 

In  1900,  still  another  Board  recommended  that  no  further  jetty  work 
be  done,  dejaths  being  amjjle  for  all  present  needs.  There  has  been  for 
years  an  available  channel  of  seldom  less  than  15  ft.  depth  at  mean 
lower  low  water,  and  frequently  of  something  more.  The  survey  of 
1900  was  made  after  a  period  of  very  severe  southwest  storms,  and 
although  the  best  depths  at  the  bar  at  that  time,  stated  by  Professor 
Haupt  to  be  8  or  10  ft.,  were  actually  13  ft.,  it  may  be  added  that  after 
a  short  jjeriod  of  smooth  weather,  this  depth  was  again  increased  to 
the  usual  15  ft.,  and  about  a  month  later  to  16  ft. 

It  is  the  writer's  belief  that  no  form  of  improvement  will  prevent 
the  occasional  heaping  up  of  sand  in  the  channels  of  improved  harbors 
on  the  Pacific  Coast  during  severe  storms,  but  that,  with  works  prop- 
erly designed  and  maintained,  the  concentrated  current  will  invariably 
cause  the  channel  to  resume  its  usual  depth  when  quiet  weather  pre- 
vails. It  seems  impossible  to  fix  absolutely,  on  this  coast,  the  balance 
between  the  shoaling  effect  of  the  sea  in  storms,  on  the  one  hand,  and 
the  scouring  effect  of  the  tidal  flow,  on  the  other. 

Professor  Hatipt's  reference  to  the  improvement  of  the  bar  of  the 
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harbor  at  Brunswick,  Ga.,  by  dynamite,  seems  particularly  unfortunate,  Mr.  Harts. 
in  view  of  the  recent  information*  published  by  the  War  Department, 
concerning  this  jiort. 

In  this  comprehensive  and  convincing  report,  made  by  Captain  Gil- 
lette, Corps  of  Engineers,  U.  S.  A.,  on  the  imi^rovement  of  this  harbor, 
the  following  appears  in  reference  to  the  cost  of  ordinary  dredging, 
etc. : 

"This  table  shows  the  remarkable  fact  that  up  to  1897  (six  years) 
the  total  result  of  work  in  the  vicinity  of  the  Goodyear  channel  was  a 
fill  instead  of  a  scour.  This  v.as  theperiod  in  which  dynamite  alone 
was  used  to  do  the  work,  aided  only  by  harrows,  rakes,  and  a  dredge 
without  bins,  but  not  by  ordinary  hydraulic  dredging.  *  *  *  The 
results  for  the  total  penod  from  1891  to  1898  are  also  quite  meager— a 
maximum  of  218  260  cu.  yds.,  considering  a  width  of  800  ft.,  400  ft. 
each  side  of  the  axis  of  the  present  channel.  For  this  there  has  been 
paid  Mr.  Goodyear  $220  000,  and  the  numerous  surveys  to  determine 
the  results  of  his  work  have  cost  .^26  989.83,  making  a  total  of 
^246  989.83,  or  at  the  rate  of  $1.13  per  cubic  yard,  assuming  that 
the  removal  over  this  wide  area  was  all  useful,  and  that  it  was  all 
done  by  Mr.  Goodyear.  *  *  *  Fifteen  cents  per  cubic  yard  is  a 
fair  price  for  this  work.  The  contractor  now  working  at  Doboy  Bar, 
the  next  bar  north  of  Brunswick,  and  apparently  of  the  same  nature, 
gets  13.9  cents  per  yard,  and  he  has  had  to  build  his  dredge  for  this 
job.  The  price  of  15  cents  per  yard  may  be  objected  to  on  the  ground 
of  '  tough  blue  clay  '  and  '  sand,  shells,  and  gravel  cemented  together.' 
The  report  of  the  original  survey  of  1891  states  'sand  and  blue  mud,' 
the  latter  when  under  water  being  'soft  and  very  easily  eroded.'  It 
is  to  be  noted,  too,  that  Mr.  Bryan,  the  dredging  contractor  who  did 
the  dredging  for  Mr.  Goody  ear, \vhile  arguing  that  15  cents  is  too  small, 
gives  the  reasons  of  '  distance  from  land  '  and  the  '  weather  conditions,' 
but  says  not  a  word  about  tough  materials  (p.  54).  The  other  two 
conditions  are  about  the  same  at  Doboy  as  at  Brunswick.  At  15  cents 
the  entire  work  would  have  cost  818  750,  a  little  over  two-thirds  the 
amount  it  has  cost  the  Government  for  making  the  surveys  to  see  what 
Mr.  Goodj-ear  had  accomplished." 

The  conclusions  di'awn  in  regard  to  deepening  by  dynamite  at  this 
place  are  as  follows: 

'■^  First. — Dynamite  does  not  have  any  useful  effect  in  bar  deepen- 
ing, except  in  loosening  tough  materials  in  the  immediate  vicinity  of 
explosions.     Such  materials  are  very  rare  on  bars  along  sandy  coasts. 

'■'■Second. — The  channel  now  existing  at  Brunswick  Bar  has  been 
produced  by  natiire,  aided  very  materially  by  ordinary  dredging. 
The  useful  effect  of  dynamite  has  been  very  sniall,  except,  possibly, 
to  loosen  materials  in  some  places  as  an  aid  to  the  dredge. 

"  Third. — The  cost  to  the  Government  of  all  material  removed, 
whether  usefully  removed  or  otherwise,  has  been  $1.13  a  yard,  more 
than  seven  times  the  cost  of  ordinary  dredging.  The  cost  to  the  con- 
tractor is  said  to  have  been  even  more  than  this. 

"  Fourlli.— The  channel  produced  has  no  advantage  of  permanence 
over  a  dredged  channel  of  similar  size  and  location,  which  could  be 
jsroduced  for  about  one-twelfth  of  the  cost  of  the  present  channel." 

*  H.  Doe.  355,  56th  Cong.,  2d  Sess. 
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Mr.  Harts.  Major  Black's  exiJerience  and  views  corroborate  those  of  the  writer, 
with  regard  to  the  use  of  two  jetties  in  similar  harbor  improvement, 
and  that  the  effect  of  a  single  jetty  is  but  partial.  He  is  believed  to 
be  right  in  his  presumption,  that  the  resultant  sand  movement,  at  this 
point,  is  from  the  north,  in  spite  of  the  fact  that  the  worst  and  longest 
storms  come  from  the  south  and  southwest. 

Mr.  Ripley,  in  his  discussion,  fails  to  grasp  the  fact  before  stated, 
that  the  resultant  sand  movement  and  the  worst  weather  apparently 
come  from  diflferent  directions. 

Would  it  not  be  evidently  inadvisable,  in  such  a  case  as  this,  to 
endeavor  to  control  sand  movement  from  the  north  by  a  jetty  on  the 
south  ? 

It  is  believed  that  Mr.  Ripley's  understanding  of  the  description  of 
this  work  must  be  considerably  in  error,  for  his  reference  to  a  "  fluc- 
tuation of  as  much  as  13  ft. "  intimates  that  no  reliance  by  mariners  is 
to  be  placed  on  the  depths  secured.  The  writer  regrets  exceedingly  if 
his  description  conveys  such  a  misapi^rehension  to  unprejudiced 
minds. 

As  to  whether  the  results  achieved  at  this  j^lace  were  originally  pro- 
duced and  are  still  controlled  by  the  jetty,  or  whether  they  are  at  the 
caprice  of  the  wind  and  wave,  may  be  safely  left  to  the  unbiased  judg- 
ment of  the  reader,  as  well  as  the  question  of  how  well  this  work 
answers  the  conditions  to  be  tilled,  before  improvement  may  be 
expected. 

The  writer  has  visited  the  harbor  of  Venice,  and  has  studied  the 
effect  of  the  Malamocco  jetty  work.  He  has  also  read  a  number  of 
the  valuable  writings  of  Professor  Haupt,  and  is  still  of  the  opinion 
that  if  the  south  jetty  at  Coos  Bay  had  been  built  first,  no  valuable 
result  would  have  been  secured  in  concentrating  the  tidal  flow  over 
the  bar,  and  in  controlling  the  serious  sand  movement  on  the  north  side 
of  the  entrance;  and  that  such  work,  if  built  as  recommended  by  Pro- 
fessor Haupt  and  Mr.  Ripley,  would  be  practically  valueless  for  the 
benefit  of  navigation,  until  a  north  jetty  could  be  built  to  fulfill  the 
functions  now  performed  by  the  north  jetty.  This  would  have  delayed 
for  a  number  of  years  the  valuable  results  already  achieved. 
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HORATIO  GOUTERNEUR  WRIGHT,  Hon.  M,  Am.  Soc.  C.  E. 


Died  July  2d,  1899. 


Horatio  Gouverneiir  Wright  was  born  at  Clinton,  Connecticut,  on 
March  6th,  1820.  He  was  seventh  in  lineal  descent  from  Benjamin 
Wright,  who  was  an  officer  under  Charles  I  of  England,  and  came  over 
with  other  royalists  to  this  coimtry  diu'ing  the  protectorate  of  Crom- 
well. He  was  also  descended  from  the  well-known  New  England  families 
of  Griswold,  Chapman,  Grinnell,  Peabody  and  Alden. 

He  entered  the  United  States  Military  Academy  in  1837,  and  was 
graduated  in  1841  with  high  honors.  He  was  promoted  in  the 
army  to  Second-Lieutenant  in  the  Corps  of  Engineers  on  July  1st, 
1841,  and  remained  in  the  Corias  from  that  time  until  his  retirement 
from  active  service  on  March  6th,  1884,  a  period  of  forty -seven  years, 
passing  through  all  the  grades,  including  that  of  Brigadier-General 
and  Chief  of  Engineers. 

Soon  after  his  graduation,  he  was  assigned  to  duty  as  Assistant 
Professor  at  West  Point,  in  which  capacity  he  served  for  several  years. 
He  then  served  for  about  two  years  as  assistant  to  the  Board  of  Engi- 
neers having  in  charge  the  designing  of  the  sea-coast  defences  of  the 
country. 

In  1846,  General  Wright  commenced  active  practice  as  a  construct- 
ing engineer,  and  he  continued  in  this  duty  for  about  ten  years.  At 
this  time  the  eminent  military  engineer.  General  Totten,  was  Chief  of 
the  Corps  of  Engineers,  and  under  his  direction  the  military  defences 
of  the  country  were  being  rapidly  constructed  ujjon  a  system  which 
then  had  no  superior  in  the  world.  The  armaments  and  magazines 
were  covered  by  masonry  walls  which  were  impenetrable  to  the  naval 
fire  of  that  day.  Under  General  Totten's  direction,  the  young  engineer 
officers  were  required  to  make  the  detailed  drawings  for  these  works, 
to  superintend  the  cutting  of  the  stone,  the  mixing  of  the  mortar,  the 
laying-out  of  the  work  and  the  actual  construction  upon  the  ground. 
It  was  in  this  school  that  General  Wright  acquired  that  thorough 
practical  knowledge  of  the  details  of  construction  which  was  so  often 
observed  by  officers  serving  under  him  in  later  years.  His  jjrincipal 
service  on  this  class  of  duty  was  in  the  construction  of  Fort  Jeflerson, 
at  Tortugas,  Florida,  the  largest  fort  ever  built  in  this  country,  and 
Fort  Taylor,  at  Key  West,  Florida. 

*  Memoir  prepared  by  G.  J.  Fiebeger,  J.  L.  Lusk  and  Charles  Walker  Raymond, 
Members,  Am.  Soc.  C.  E. 
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In  1856,  General  Wright  was  ordered  to  Washington  as  assistant 
to  the  Chief  of  the  Corps,  and  he  continued  to  occupy  this  responsible 
and  arduous  position  until  the  outbreak  of  the  Civil  War  in  1861. 

The  full  record  of  General  Wright's  distinguished  services  as  a  mili- 
tary commander  during  the  war  cannot  with  propriety  be  given  in  this 
brief  memoir,  which  relates  rather  to  his  history  as  an  engineer  than  to 
his  career  as  a  soldier;  but  no  account  of  his  life  would  be  satisfactory 
which  omitted  mention  of  his  eminent  military  services  during  the  Civil 
War.  At  the  first  battle  of  Bull  Eun  he  was  Chief  Engineer  of  Heintzel- 
man's  Division.  He  was  commissioned  a  Brigadier- General  of  Volun- 
teers on  September  14th,  1861,  and  commanded  a  brigade  of  land  forces 
of  the  Port  Royal  expedition.  In  February,  1862,  he  left  Port  Eoyal 
with  a  brigade  of  Volunteers,  and  by  the  middle  of  March  had  captured 
Fernandina,  Jacksonville  and  St.  Augiistine,  and  retaken  possession  of 
Fort  Marion  and  Fort  Clinch.  He  was  promoted  Major-General  of 
Volunteers  in  July,  1862,  and  commanded  the  Dejiartment  of  the  Ohio 
until  March,  1863.  He  led  a  division  in  the  battle  of  Gettysburg  and 
in  the  spirited  assaiilt  on  Rappahannock  Station  (November  7th,  1863). 
At  Spottsylvania,  on  May  9th,  1864,  he  succeeded  to  the  command  of 
the  Sixth  Corps.  He  was  present  with  the  Army  of  the  Potomac  at 
every  engagement  up  to  July,  1864,  when  he  was  summoned  from  the 
front  of  Petersburg  with  his  corps  to  the  defence  of  Washington,  then 
threatened  by  the  Confederates  under  General  Early.  He  pursued  the 
latter  and  defeated  him  at  Snickers  Gap.  In  the  ensuing  campaign 
with  the  Army  of  the  Shenandoah  under  Sheridan,  he  led  his  corps  at 
Opequan  and  Fishers  Hill,  and  was  in  command  of  the  army  at  Cedar 
Creek,  where  he  successfully  rallied  the  army  after  its  surprise.  For 
gallantry  at  Spottsylvania  he  was  brevetted  Colonel,  Brigadier- General 
at  Cold  Harbor,  and  Major-General,  U.  S.  A.,  for  the  capture  of  Peters- 
burg. 

The  following  extract  is  quoted  from  the  official  order  announcing 
his  death  to  the  Corps  of  Engineers: 

"The  thanks  of  the  Legislature  of  his  native  State,  Connecticut, 
were  tendered  to  General  Wright  by  resolution  of  June  14th,  1865,  '  for 
his  eminent  services  in  the  late  war,  as  commander  of  the  first  brigade 
that  set  foot  on  the  soil  of  South  Carolina,  in  which  were  Terry  and 
Hawley  and  Chatfield,  and  other  noble  soldiers  of  Connecticut;  as 
commander  of  the  First  Division  of  the  gallant  Sixth  Corps  at  Gettys- 
burg, and  through  all  the  wearisome  marches  and  sanguinary  battles 
from  that  victory  to  the  fall  of  the  modest,  yet  gTeat  General  Sedgwick; 
for  the  energy,  skill  and  courage  which  from  that  sad  day  he  dis- 
played as  commander  of  the  Sixth  Corps  in  many  brilliant  engage- 
ments, and  especially  at  Cold  Harbor,  in  front  of  Petersburg,  at 
Washington  during  the  last  rebel  raid,  in  the  Shenandoah  A'alley  at 
Opequan,  Fishers  Hill  and  Cedar  Creek,  and  in  the  last  bloody  assault 
and  terrible  jjursuit  which,  ending  in  the  capture  of  Lee  and  his  army, 
decided  the  fate  of  the  Rebellion.'  " 

At   the   termination  of    the   Civil   War,  in    1866,    General    Wright 


MEMOIR   OF    HORATIO    GOUVERNEUR   WRIGHT.  553 

returned  to  duty  as  a  Lieutenant-Colonel  in  the  Corps  of  Engineers. 
From  this  time  until  June  30th,  1879,  when  he  was  appointed  Briga- 
dier-General and  Chief  of  Engineers,  his  most  important  service  was 
as  a  member  of  the  Board  of  Engineers  for  Fortifications  and  River  and 
Harbor  Improvements. 

If  the  war  period  was  a  time  that  tried  men's  souls,  the  period 
directly  following  the  war  was  a  time  that  tried  men's  minds.  The 
invention  of  high-power  guns  and  the  introduction  of  armored  ships 
of  war  had  revolutionized  the  systems  of  attack  and  defense.  Old 
ideas  had  to  be  discarded,  and  it  was  necessary  to  work  out  the  prob- 
lems of  military  science  with  new  data  and  from  new  points  of  view. 
At  this  time,  also,  the  country  adopted  a  policy  of  extensive  river  and 
harbor  improvement,  requii'ing  the  establishment  of  new  methods  of 
engineering  administration  and  the  investigation  of  new  engineering 
problems,  some  of  which  were  of  great  importance  and  perplexity. 
In  connection  with  all  these  complicated  and  important  questions, 
General  Wright  labored  with  patience,  ability,  wisdom  and  distin- 
guished success.  It  is  unnecessary  to  mention  in  detail  all  the  import- 
ant duties  with  which  he  was  charged;  the  following  Boards  and 
Commissions,  of  which  he  was  a  member,  are  noted  merely  as  exam- 
ples of  the  character  of  his  services : 

Commission  on  East  River  Bridge;  Commission  to  Eurojae  to 
collect  information  ujion  the  fabrication  of  iron  for  defensive  puri)oses; 
Commission  on  the  Sutro  Tunnel;  Board  on  Delaware  Breakwater; 
Board  on  Heavy  Ordnance;  Board  on  Dej)ressed  Gun-Carriages;  Board 
on  Moath  of  Mississippi  River;  Board  on  Paving  Pennsylvania  Avenue^ 
Washington;  Commission  on  Washington  Monument,  and  Light- 
House  Board. 

General  Wright  was  appointed  Chief  of  Engineers  on  June  30th, 
1879,  and  occupied  that  position  until  his  retirement  on  March  6th, 
1884.  For  this  high  and  responsible  oflSce  he  was  peculiarly  »well 
fitted,  both  by  the  extent  and  variety  of  his  i^rofessional  experience 
and  by  his  personal  character.  By  repeated  service  as  assistant  in  the 
Engineer  Bureau  of  the  War  Department  he  had  gained  full  knowledge 
of  the  details  of  the  work  of  that  important  office ;  and  through  his 
practical  experience  as  a  constructing  engineer,  and  in  connection 
with  many  boards  on  important  engineering  problems,  he  thoroughly 
understood  the  difficulties  with  which  his  ofiicers  had  to  contend,  and 
they  always  received  his  earnest  sympathy  and  encouragement. 

He  was  a  man  of  commanding  presence  and  of  great  personal 
charm;  quiet  and  gentle  in  disposition,  yet  wise,  strong  and  decided 
in  all  the  duties  which  required  his  action.  He  retired  from  the  posi- 
tion of  Chief  of  Engineers  not  only  with  the  respect  and  admiration, 
but  also  with  the  affection  of  all  the  officers  under  his  command. 
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General  Wright  was  married,  on  August  lltli,  1842,  to  Miss  Louisa 
M.  Bradford,  of  Culpeiaer  County,  Virginia.  He  is  survived  by  two 
daughters,  Mrs.  Mary  Wright  Wootton,  of  New  York  City,  and  Mrs. 
Hosa  Wright  Smith,  of  Washington,  D.  C.  After  his  retirement  from 
active  service  he  lived  quietly  at  his  residence  in  Washington,  D.  C, 
without  engaging  in  professional  work,  and  the  charming  hospitality 
of  his  happy  home  will  long  be  remembered  by  those  who  were 
privileged  to  enjoy  it.  The  memory  of  this  noble,  able  and  faithful 
soldier  and  gentleman  is  a  rich  legacy  to  his  family  and  to  the  corps 
upon  which  he  has  conferred  reputation  and  honor. 

He  was  elected  an  Honorary  Member  of  the  American  Society  of 
Civil  Engineers  on  March  3d,  1890. 
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EDGAR  SHELDON  GARY,  M.  Am.  Soc.  C.  E.* 


Died  Januaky  5th,  1883. 


Edgar  Sheldon  Gary  was  a  native  of  Fishkill  Village,  New  York.  In 
1866,  when  he  was  twenty  years  of  age,  he  was  employed  as  chainman, 
rodman  and  leveler  on  the  preliminary  survey  of  the  New  York  and 
Albany  Railroad.  The  next  year  he  went  to  the  Albany  and  Sus- 
quehanna Railroad,  where  he  served  '  as  draftsman  at  the  general 
offices  and  as  assistant  on  construction  near  Nineveh,  New  York.  In 
the  si:)ring  of  1868  he  became  leveler  on  the  preliminary  surveys  of 
the  Cherry  Valley  and  Albany  Railroad,  and  afterward  became  transit- 
man  on  the  location,  and  First  Assistant  Engineer  on  the  construction, 
of  the  road.  In  the  winter  of  1868-69  he  was  a  leveler  on  the  pre- 
liminary surveys  of  the  Boston,  Hoosac  Tunnel  and  Albany  Railroad. 

In  September,  1870,  he  became  Princij^al  Assistant  Engineer  on 
the  construction  of  the  Lackawanna  and  Susquehanna  Railroad,  where 
he  remained  for  about  a  year,  being  then  transferred  to  the  New  York 
and  Canada  Railroad,  and  put  in  charge  of  a  party  revising  location. 
Early  in  1872  he  was  transferred  to  the  New  York  and  Albany  Rail- 
road as  transitman  on  location,  and  in  a  few  months  was  transferred 
back  to  his  former  position  with  the  New  York  and  Canada  Railroad, 
where  he  remained  until  the  completion  of  the  work  in  June,  1873. 

He  then  went  to  Albany,  New  York,  and,  after  a  short  engagement 
under  the  City  Surveyor,  oi^ened  an  office  as  engineer  and  surveyor. 
His  chief  work  was  a  set  of  assessment  maps  of  Bath  and  Little  Falls, 
for  which  he  made  the  surveys.  During  this  time  he  was  also  in 
charge  of  a  party  on  the  location  of  the  Boston,  Hoosac  Tunnel  and 
Albany  Railroad,  and  located  the  Albany  and  Greenbush  Bridge. 

In  the  fall  of  1875  he  became  an  assistant  on  the  construction  of 
the  terminals  of  the  New  York  Central  and  Hudson  River  Railroad,  at 
Sixty-fifth  Street  and  North  River,  New  York  City.  In  April,  1877, 
he  became  engineer  for  the  contractor  on  the  Riverside  Avenue  Im- 
provement, in  New  Y^ork  City,  and  about  a  year  later  joined  the  engi- 
neering corps  engaged  in  the  location  and  construction  of  the  Second 
Avenue  Elevated  Railroad,  in  the  same  city.  In  October,  1879,  he 
became  engineer  for  the  contractor  on  the  construction  of  the  Mad 
River  Dam,  near  Waterbury,  Connecticut. 

In  July,  1880,  he  resumed  railway  work,  and  was  put  in  charge  of 
a  party  making  lareliminary  surveys  and  the  final  location  of  the 
Eastern  Division  of  the  Middletown  Branch  of  the  North  River  Rail- 
way.    He  was  soon  transferred  to  the  New  Y'ork,  Ontario  and  Western 

*Memoir  prepared  by  the  Secretary  from  information  furnished  by  William  H. 
Searles,  M.  Am.  See.  C.  E.,  and  from  papers  on  file  at  the  House  of  the  Society. 
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Railway  as  Resident  Engineer  on  construction,  a  position  which  he 
held  at  the  time  of  his  death.  In  his  work  on  the  Middletown  Branch 
he  was  given  only  general  instructions,  but  obtained  very  satisfactory 
results,  both  in  alignment  and  ruling  grade.  The  use  of  spiral  curves 
was  just  then  coming  into  use,  and  Mr.  Cary  proved  himself  a  valuable 
assistant  in  the  jireparation  of  the  formulas  and  tables  used  to  facili- 
tate laying  out  these  curves  in  the  field.  The  Middletown  Branch 
was  the  first  part  of  the  line  to  receive  spiral  treatment,  and  Mr.  Cary 
laid  out  the  curves  from  the  manuscript,  the  book  not  having  been 
published. 

While  still  in  charge  of  the  eastern  half  of  the  Branch,  he  made  a 
survey  of  the  river  front  of  Newburgh  which  was  remarkable  for 
its  accuracy  and  minuteness  of  detail.  The  majj  of  this  survey, 
drawn  to  a  large  scale,  was  used  freely  to  project  the  several  alternate 
lines  in-oposed  in  the  very  difficult  matter  of  getting  a  location  for 
the  West  Shore  Railroad  through  Newburgh,  a  distance  of  two  miles, 
involving  a  tunnel  of  400  ft.,  and  an  elevated  causeway  between 
retaining  walls  through  many  blocks,  after  a  large  number  of  valuable 
buildings  had  been  removed.  It  was  only  after  this  removal  that  the 
center  line,  by  no  means  a  straight  one,  could  be  run.  It  confirmed 
perfectly  the  accuracy  of  the  general  survey. 

Mr.  Cary  took  an  intense  interest  in  all  his  work;  indeed,  he  was 
an  enthusiast  in  his  profession,  a  rapid  and  industrious  worker,  quick 
to  learn  and  seize  upon  any  methods,  new  to  him,  by  which  better 
results  might  be  achieved.  He  was  a  self-made  man,  and  was 
ambitious  to  be  still  learning.  Modest,  genial  and  sincere,  he  com- 
mended himself  to  his  superior  officers,  and  won  the  esteem  and 
respect  of  those  under  him.  He  never  sj)ared  himself  while  anything 
remained  to  be  done,  and  thus,  while  perfectly  temperate  in  habit, 
he,  through  undue  zeal,  laid  the  foundations  for  the  disease  which 
carried  him  to  an  early  grave.  He  left  a  wife  and  several  interesting 
children  to  mourn  his  loss. 

Mr.  Cary  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  November  1st,  1882. 
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ALFRED  EPHRAIM  HUNT,  M.  Am.  Soc.  C.  E.* 


Died  Apbil  26th,  1899. 


Alfred  Ephraim  Hunt  was  born  in  East  Douglass,  Massachusetts, 
March  31st,  1855,  his  parents  being  Leander  Batchelor  and  Mary  H. 
Hunt.  On  his  father's  side  he  belonged  to  the  eighth  generation  de- 
scended from  William  Hunt,  who  in  1635  came  from  Salisbiiry,  Eng- 
land, and  became  one  of  the  original  settlers  of  Concord,  Massachusetts. 
Another  ancestor  served  with  distinction  in  Jackson's  Additional  Con- 
tinental Regulars  during  the  Eevolution.  Mr.  Hunt's  paternal  grand- 
father was  the  founder  of  the  works  in  Douglass,  Massachusetts,  where 
the  celebrated  Hunt's  axes  were  manufactiired.  On  his  mother's  side 
his  ancestry  is  traceable  directly  back  to  Rev.  Peter  Thacher,  at  one 
time  rector  of  St.  Edmund's  Church,  Salisbury,  England. 

In  the  twenty-three  years  of  his  active  jjrofessional  life  Mr.  Hu.nt 
was  not  only  prominent  in  several  enterprises  which  marked  epochs  in 
the  metal  industries,  but  also  took  the  part  of  a  pioneer  in  the  latest  of 
these,  the  develoi^ment  of  processes  for  the  cheaper  production  of 
aluminum. 

Mr.  Hiint's  common  school  education  was  obtained  at  the  Roxbury 
High  School,  and  he  was  graduated  in  1876  from  the  Massachusetts 
lostitute  of  Technology  as  a  metallurgical  and  mining  engineer.  For 
several  summers  Mr.  Hunt  had  obtained  experience  by  service  with  the 
United  States  Coast  Survey,  and  during  a  part  of  his  senior  year  in  the 
Institute  he  had  engaged  in  analytical  and  metallurgical  work  for  the 
Bay  State  Steel  Company,  of  South  Boston.  Immediately  after  being 
graduated,  he  was  engaged  as  Chemist  and  Assistant  Manager  of  the 
open-hearth  plant  of  these  works,  and  here  he  assisted  in  the  erection 
of  the  second  open-hearth  steel  plant  in  the  United  States.  At  the  sug- 
gestion of  the  manager  of  these  works,  Mr.  Hunt  was  sent  to  Michigan  to 
investigate  the  newly  discovered  iron  ore  deposits.  His  reports  on  the 
ore  fields  of  Northern  Michigan  and  Wisconsin  had  an  important  bear- 
ing on  the  development  of  ores  in  a  region  now  famous  for  the  extent 
and  product  of  its  iron  mines.  In  1877  he  became  Metallurgist  of  the 
Nashua  Steel  Company,  Nashua,  New  Hampshire,  and  at  these  works 
he  had  charge  of  the  reconstruction  of  the  rolling  mill  and  the  building 
of  a  number  of  furnaces.  In  1881  he  removed  to  Pittsburg,  Pennsyl- 
vania, and  became  Metallurgical  Chemist  and  Superintendent  of  the 
Heavy  Hammer  Department  of  the  Black  Diamond  Steel  Works  of 
Park  Brothers  and  Company. 

*  Memoir  prepared  by  the  Secretary  from  a  more  extended  memoir  by  John  R.  Free- 
man, M.  Am.  Soc.  C.  E.,  printed  in  The  Technology  Revieiv,'Vo\.  I,  No.  3,  and  from  papers 
on  file  at  the  House  of  the  Society. 
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Mr.  HiTnt's  widely  known  work  in  the  testing  and  inspecting  of 
engineering  materials  began  in  1883,  when,  in  connection  with  George 
H.  Clapp,  Assoc.  M.  Am.  Soc.  C.  E.,  then  of  the  firm  of  Park  Brothers  and 
Company,  he  started  a  metallurgical  and  chemical  department  of  the 
Pittsburg  Testing  Laboratory,  for  the  physical  and  chemical  testing  of 
materials  and  the  inspection  of  iron  and  steel  structures.  In  two  years' 
time  the  business  had  attained  such  proportions  that  Mr.  Hunt  and 
Mr.  Clapp  acquired  complete  control  of  the  Testing  Laboratory  and 
devoted  their  entire  time  to  its  afi'airs.  Mr.  Hunt  had  charge  of  the 
inspecting  department  of  the  business  and  of  the  inspection  of  the 
material  for  some  of  the  most  important  metal  structures  erected  in 
this  country  during  the  last  fifteen  years,  including  bridges  over  the 
Mississippi  and  Missouri  Rivers  and  the  Poughkeepsie  Bridge  over  the 
Hudson. 

Mr.  Hunt's  services  were  in  frequent  demand  in  consultation,  in  the 
courts  and  in  the  development  of  metallurgical  processes.  It  was  in 
this  latter  line  of  research  that  his  attention  was  directed  to  the  pro- 
cess for  the  reduction  of  aluminum,  discovered  by  Mr.  Charles  H. 
Hall.  This  process  had  been  experimented  with  at  works  where 
aluminum,  then  selling  at  $15  per  pound,  was  produced,  but  had 
been  abandoned  in  favor  of  the  earlier  processes.  Mr.  Hunt,  hoAv- 
ever,  was  quick  to  recognize  the  merit  of  the  scientific  principles 
involved  in  the  process,  and  in  1888  he  organized  the  Pittsburg 
Reduction  Company,  raising  the  capital  among  his  personal  friends. 
Since  its  organization,  Mr.  Hunt  had  been  President  and  General 
Manager  of  the  company,  and  to  his  energy,  judgment  and  enterprise 
the  remarkable  growth  of  the  industry  and  the  cheapening  of  the  pro- 
duct to  a  selling  price  of  30  to  40  cents  per  pound  are  due. 

Mr.  Hunt's  ancestors  served  in  the  Continental  Army,  and  during  his 
student  days,  he  became  warmly  interested  in  the  lectures  on  military 
science  and  tactics.  He  served  in  the  Volunteer  Militia  of  Massa- 
chusetts and  New  Hampshire  during  his  residence  in  those  States, 
rising  to  ofiice;  and  on  removal  to  Pittsburg  he  helped  to  organize  the 
artillery  arm  of  the  State  troops.  For  twelve  years  he  served  as  the 
commander  of  Battery  B  of  the  National  Guard  of  Pennsylvania,  and 
had  brought  it  to  a  high  state  of  efficiency.  On  the  outbreak  of  the 
war  with  Spain,  the  battery,  to  a  man,  enlisted  within  twenty-four  hours 
of  the  President's  call  for  troops,  and  Captain  Hunt  put  aside  his  im- 
portant business  interests  to  lead  his  command.  He  was  sent  home 
from  Chickamauga,  an  invalid,  and,  although  he  had  not  fully  recov- 
ered, he  determined  to  accompany  his  battery  when  it  was  ordered  to 
Porto  Rico.  There  he  contracted  malaria,  which  affected  his  heart,  and 
he  was  discharged  from  the  service,  seriously  ill,  as  the  result  of  his 
exposure.  He  was  on  his  way  from  Pittsburg  to  the  seashore  in  search 
of  rest  and  health,  when,  in  a  hotel  in  Philadelphia,  he  was  seized  with 
a  hemorrhage  which  proved  fatal. 
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Captain  Hunt  was  prominent  in  masonic  circles,  being  a  Past  Emi- 
nent Commander  of  Tancred  Commandery  No.  48,  Knights  Templar. 
He  was  also  a  member  of  the  Syria  Temple  of  the  Shriners,  and  was  a 
member  of  the  Scottish  Eite  Masons  in  the  Valley  of  Pittsburg.  In 
this  order  he  had  attained  the  32d  degree. 

He  was  married  in  1878  to  Miss  Maria  T.  McQiiesten,  of  Nashua, 
New  Hampshire,  and  left  one  son,  Koy  Arthur  Hunt. 

Mr.  Hunt  was  elected  a  member  of  the  American  Society  of  Civil 
Engineers  on  Sejitember  1st,  1886.  He  contributed  in  1893  a  pajier  on 
"  A  Proi:)osed  Method  of  Testing  Structural  Steel,"*  which  was  pre- 
sented at  the  International  Engineering  Congress,  at  Chicago,  and  for 
which  the  Norman  Medal  of  the  Society  was  awarded  in  1894.  He  was 
also  a  Member  of  the  Institution  of  Civil  Engineers,  the  Iron  and  Steel 
Institute,  the  American  Society  of  Mechanical  Engineers  and  the 
American  Institute  of  Mining  Engineers.  He  was  active  in  the  move- 
ment for  the  i3urification  of  the  water  supply  of  Pittsburg,  and  at  the 
time  of  his  death  was  a  member  of  a  commission  appointed  by  the  city 
to  investigate  remedies  for  the  smoke  nuisance. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxx,  p.  181. 
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WILLIAM  BATEMAN  LAWSON,  M.  Am.  Soc.  C.  E. 


Died  Jajstuaky  27th,  1901. 


William  Bateman  Lawson  was  born  in  Chesterfield,  Illinois,  in  1846. 
Baised  on  a  farm,  lie  acquired  sturdy  habits  of  industry,  and  was  pos- 
sessed of  a  strong  constitution  and  robixst  health.  Upon  the  completion 
of  his  collegiate  education  at  the  Shurtlefif  College,  Upper  Alton,  Illi- 
nois, in  the  year  1867,  the  natural  inclination  of  his  mind  was  toward 
scientific  subjects,  and  it  was  very  reasonable  to  expect  that  the  pro- 
fession of  a  civil  engineer  would  be  the  most  congenial  to  his  nature. 

The  era  of  railroad  construction  was  at  its  height  throughout  the 
West  at  this  time,  and  Mr.  Lawson  commenced  work  as  a  rodman  with 
a  locating  party  on  the  Burlington  and  Missouri  Eiver  Eailroad,  near 
Creston,  Iowa,  in  May,  1868.  Being  of  a  studious  nature  and  indus- 
trious, by  careful  attention  to  his  duties,  his  advancement  was  rapid, 
and  in  1870  he  was  in  charge  of  construction  work  on  the  Burlington 
and  Southwestern  Railway.  From  this  date  until  1886  he  was  con- 
nected with  various  railroad  enterprises  and  in  responsible  jjositions. 
In  1874  and  1875  he  was  engaged  on  the  location  and  construction  of 
the  Bucksport  and  Bangor  Railroad,  in  Maine.  Afterward,  he  was  in 
charge  of  construction  on  several  branches  of  the  Chicago,  Burling- 
ton and  Quincy  Railroad  in  Illinois  and  Iowa.  In  1881  and  1882  he 
was  Chief  Engineer  of  the  Humeston  and  Shenandoah  Railroad,  in 
Iowa,  from  its  incej^tion  until  it  was  completed.  In  the  latter  part  of 
1883  he  was  appointed  Chief  Engineer  of  the  Chicago,  Burlington  and 
Northern  Railroad,  and  skillfully  carried  out  the  difficult  task  of  locat- 
ing the  line  along  the  eastern  bank  of  the  Mississipjii  River,  where 
much  engineering  ability  was  displayed  in  overcoming  the  difiiculties 
of  crossing  existing  lines  of  railroad  and  in  fitting  the  line  to  the 
somewhat  peculiar  conformation  of  river  blufif  and  intervening  valley 
lands.  In  the  year  1886  the  Chicago,  Burlington  and  Quincy  Railroad 
contemplated  an  extension  of  its  system  west  from  Denver,  Colorado, 
through  the  Rocky  Mountains,  and  Mr.  Lawson  was  appointed  Chief 
Engineer  of  the  work,  and  personally  made  a  thorough  examination  of 
the  entire  route  between  Denver  and  Salt  Lake,  and  over  much  of  the 
country  between  Salt  Lake  and  the  Sierra  Nevada  Range.  He  super- 
vised the  work  of  many  engineer  corps  who  made  exhaustive  surveys 
of  the  contemplated  route,  much  of  which  was  located  and  made  ready 
for  construction.  On  this  work  he  showed  a  rare  faculty  for  handling- 
large  enterprises  to  the  best  advantage,  and  was  familiar  with  every 
detail  of  the  entire  work,  scrutinizing  and  passing  upon  each  problem 
as  the  work  progressed.  The  construction  of  this  extension  was,  how- 
*  Memoir  prepared  by  H.  A.  Sumner,  M.  Am.  Soc.  C.  E. 
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ever,  deferred  by  the  railroad  company,  and  Mr.  Lawson,  who  had  in 
the  meantime  established  for  himself  a  home  in  Denver,  opened  an 
office  as  consulting  engineer,  and  was  engaged  until  the  time  of  his 
death  mainly  on  railroad  and  hydraulic  work. 

In  1893  he  was  engaged  upon  the  difficult  work  of  locating  a  portion 
of  the  Florence  and  Cripple  Creek  Railroad,  a  narrow-gauge  road  with 
30°  curves  and  A%  grades,  and  in  1899  he  made  a  reconnaissance  survey 
for  the  improvement  of  the  Oregon  Short  Line  in  Idaho.  His  last  work 
was  the  construction  of  a  large  reservoir  system  for  the  Colorado  Fuel 
and  Iron  Company,  near  Pueblo,  Colorado,  his  sudden  death  by 
apoplexy  occurring  before  the  entire  completion  of  the  enterprise. 

Mr.  Lawson  was  by  nature  peculiarly  fitted  for  a  civil  engineer, 
having  an  investigating  and  critical  mind,  which  not  alone  studied  and 
mastered  the  theory,  but  which  also  tested  the  practicability  of  each 
subject  investigated.  He  was  a  man  of  tireless  energy  and  persever- 
ance, and  one  of  the  most  thoroughly  posted  engineers  in  the  West, 
and  his  counsel  was  always  wise  and  safe.  He  was  an  earnest  friend 
to  the  younger  members  of  the  profession,  and  his  assistance  was  given 
them  in  a  quiet  and  unostentatious  manner. 

On  February  10th,  1876,  he  was  married  to  Miss  Phebe  A.  Spofiford, 
of  Bucksport,  Maine,  who  survives  him. 

He  was  elected  a  Member  of  the  American  Society  Civil  Engineers 
on  Februai'y  1st,  1893,  and  was  an  active  member  of  the  Denver  Society 
of  Civil  Engineers  while  that  organization  was  in  existence. 
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ROBERT  IMLAY  SLOAN,  M.  Am.  Soc.  C.  E.^ 


Died  Makch  3d,  1901. 


Robert  Imlay  Sloan,  son  of  William  Henry  and  Caroline  (Imlay) 
Sloan,  was  born  February  23d,  1837,  at  Flemington,  the  county  seat  of 
Hunterdon  County,  New  Jersey.  His  father  was  a  prominent  lawyer 
in  Flemington,  as  also  was  his  uncle,  Peter  I.  Clark,  whose  name  was 
well  known  throughout  the  State. 

In  1852  Mr.  Sloan  commenced  his  professional  career  as  Rodman 
with  Cai^tain  John  A.  Partridge,  Resident  Engineer  on  the  Fleming- 
ton  Branch  of  the  Belvidere  and  Delaware  Railroad.  On  this  road  Mr. 
Sloan  was  engaged  until  1855,  as  Leveler,  Transitman  and  Assistant 
Engineer,  having  charge  of  one  section. 

In  the  fall  of  1855  he  entered  the  Rensselaer  Polytechnic  Institute, 
of  Troy,  New  York,  and  was  gradtiated  with  the  class  of  1859.  In  1866 
he  was  Assistant  Engineer  on  the  St.  Josejih  and  Topeka  Railroad,  and 
also  on  the  St.  Joseph  and  Marysville  Raih'oad,  both  in  Kansas. 

From  1861  to  1864  Mr.  Sloan  was  in  the  Quartermaster's  Depart- 
ment of  the  Army  of  the  Potomac,  in  Virginia.  In  1865  he  was  surveyor 
of  oil  tracts  in  Venango  County,  Pa.,  and  then  Assistant  Engineer  on  the 
Atlantic  and  Great  Western  Railroad,  and  on  surveys  for  the  improve- 
ment of  Rock  River  and  the  Mississij^pi  River,  under  the  United 
States  Government.  He  was  City  Engineer  of  Trenton,  New  Jersey, 
for  four  years. 

On  February  1st,  1876,  Mr.  Sloan  was  emjiloyed  as  Principal 
Assistant  Engineer  on  surveys  of  the  Metropolitan  Elevated  Railway, 
of  New  York  City,  consisting  of  the  Gilbert  (Sixth  Avenue)  and  Second 
Avenue  lines.  Under  William  F.  Shunk,  Chief  Engineer,  he  designed 
the  foundations  and  track  system  of  the  Metropolitan  Elevated  Rail- 
road, on  the  West  Side,  New  York  City.  When  the  Sixth  Avenue  and 
Second  Avenue  lines  were  leased  to  the  Manhattan  Railway  Company 
Mr.  Sloan  retained  the  same  position  in  the  latter  company  until 
August  1st,  1881,  when  he  was  appointed  Chief  Engineer.  This  posi- 
tion he  held  until  March  1st,  1890,  when  he  resigned,  to  become  Chief 
Engineer  of  the  Chicago  South  Side  Elevated  Railway  during  its 
construction.  He  remained  with  this  road  for  some  time  after  it  was 
completed  and  in  running  order,  and  then,  on  account  of  failing  health, 
he  resigned  and  came  East. 

For  two  years  he  was  interested  in  a  lumber  and  planing  mill,  in 
connection  with  building  houses  by  contract  in  New  Jersey. 

For  a  time  he  was  an  engineer  for  J.  B.    and  J.    M.   Cornell,  and 

*  Memoir  prepared  by  the  Secretary  from  papers  on  file  at  the  Society  House,  and 
from  information  furnished  by  J.  Waterhouse,  M.  Am.  Soc.  C.  E. 
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looked  after  the  erection  of  a  number  of  buildings,  among  whicli  wa« 
the  Waldorf-Astoria  Hotel  in  New  York  City. 

At  the  time  of  his  death  he  was  a  member  of  the  firm  Hall  and  Com- 
pany of  New  York. 

Mr.  Sloan  was  an  able  and  conscientious  engineer,  and  stood  high 
in  the  profession.  He  had  a  great  many  friends,  and  was  well  liked 
by  all  who  became  intimately  acquainted  with  him.  He  was  of  a  retiring 
disi^osition,  and  his  naturally  nervous  temperament  was  accentuated 
by  ill  health.  He  would,  at  times,  give  vent  to  his  feelings  in  a  mo- 
mentary flash  of  temper,  when  things  did  not  go  as  he  wished,  Tsut 
this  would  soon  pass  and  he  would  become  as  calm  and  jjlacid  as 
though  nothing  had  happened.  He  never  harbored  an  ill  feeling 
against  anyone,  and  was  kindly  disposed  to  everyone  he  met. 

Mr.  Sloan  had  been  brought  up  as  a  Presbyterian,  and  had  an  abid- 
ing faith  in  the  future  state,  as  laid  down  according  to  the  Christian 
scheme,  and  would  resent  anything  which  seemed  to  cast  doubt  on 
such  an  idea. 

On  June  5th,  1878,  Mr.  Sloan  was  married  to  Miss  Eupert,  of  Tren- 
ton, New  Jersey,  who,  with  one  son,  Robert  I.  Sloan,  Jr.,  survives  him. 

Mr.  Sloan  became  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  October  1st,  1884. 
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HAMILTON  SMITH,  M.  Am.  Soc.  C.  E.* 


Died  July  4th,  1900. 


Hamilton  Smith  was  born  near  Louisville,  Kentucky,  on  July  5tli, 
1840,  and  was  the  son  of  a  distinguislied  lawyer,  Hamilton  Smitli,  Sz'. , 
originally  of  Durham,  New  Hampshire. 

Until  he  was  thirteen  years  of  age,  he  attended  the  schools  of 
Durham,  but  from  1854  to  1859  he  studied  engineering  in  his  father's 
coal  mines  at  Cannelton,  Indiana,  where  he  arose  raj^idly  to  be  chief  of 
the  engineering  and  accountant's  dejiartments.  From  1859  to  1867  he 
was  engaged  in  developing  collieries  in  Kentucky  and  Indiana,  and  in 
superintending  the  railroads  and  machinery  connected  therewith. 
When  he  left  Cannelton  in  1869,  at  the  age  of  29,  to  go  to  California,  he 
was  already  known  as  a  skilful  mine  manager  and  a  leader  of  men. 

His  first  work  on  the  Pacific  Coast  was  as  Consulting  Engineer  of 
the  Triumfo  Mine,  but  his  master  work  of  that  period  was  in  hydraulic 
gold  mining,  while  he  was  Engineer  and  Manager  of  the  North  Bloom- 
field  and  Milton  Mines,  in  Nevada  County.  Here  he  designed  and 
carried  out  large  and  important  dams,  pipe  lines  and  other  works,  and 
became  the  recognized  authority  on  all  matters  relating  to  hydraulic 
mining  in  California.  The  outcome  of  this  and  similar  experience  was 
his  able  and  well-known  work  on  "  Hydraulics." 

Mr.  Smith  was  also  connected  with  various  other  mines  on  the  Pacific 
Coast  and  in  Mexico,  and  was  active  in  efforts  to  cheapen  the  manufact- 
ure of  high  explosives  and  in  establishing  the  Vulcan  Powder  Works. 

In  1881  he  reported  on  the  El  Callao  Mine,  in  Venezuela,  for  Messrs. 
Rothschild  of  London,  and,  as  Consulting  Engineer,  he  afterward  de- 
signed and  superintended  the  construction  of  the  machinery  and  appli- 
ances for  that  mine. 

In  1885  Mr.  Smith  established  himself  in  London  as  a  mining 
engineer,  in  partnership  with  the  late  Mr.  Edmund  de  Crano,  with 
whom,  in  1886,  he  founded  the  "  Exploration  Company,  Limited." 
This  company  was  started  with  the  modest  capital  of  $100  000,  but  in 
1889  its  capital  was  increased  to  $1  500  000,  and  in  1896  it  was  again 
increased  to  $6  250  000. 

As  manager  of  that  comj^any  he  was  actively  interested  in  gold 
mining  in  South  Africa,  which  he  visited  in  1892  and  again  in  1895, 
and  took  jsart  in  the  formation  of  the  Consolidated  Deep  Levels,  The 
Transvaal  and  General  Association,  and  other  enterjirises.  The  results 
of  his  investigations  on  the  Rand,  and  those  of  Mr.  H.  C.  Perkins,  led 
to  the  formation  of  deejj-level  mining  companies,  the  working  of  which 

*  Memoir  prepared  by  the  Secretary  from  information  fnrnislied  principally  by 
Clemens  Herschel,  M.  Am.  Soc.  C.  E. 
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was  described  by  him  at  some  leugtli  in  an  article  in  The  Times,  of 
January  17tli,  1893. 

Mr.  Smith  was  also  connected  with  the  Alaska  Tread  well,  Alaska 
United,  Alaska  Mexican  Gold  Mining,  Anaconda  Copper  Mining  and 
many  other  first-class  companies. 

In  1895  his  partner,  Mr.  de  Crano,  died,  and  Mr.  Smith  formed  a 
partnership  Avith  his  old  friend,  Mr.  H.  C.  Perkins,  the  firm  having 
their  head  office  in  New  York  City. 

One  of  his  last  oijerations  was  to  secure  a  controlling  interest  in  the 
celebrated  Mariposa  Grant,  of  California. 

Mr.  Smith  was  married  in  1886  to  Mrs.  Charles  Congreve,  nee  Miss 
Jennings,  of  New  Orleans,  Louisiana,  who  survives  him. 

He  resided  at  Washington,  D.  C,  and  at  Durham,  New  Hampshire, 
the  home  of  his  ancestors,  and  it  was  at  the  latter  place  that  he  died. 

In  1890,  in  association  with  Sir  Benjamin  Baker  and  Mr.  John  G. 
Meiggs,  he  was  active  in  the  promotion  of  the  Central  London  Eailway, 
and  in  the  engineering  and  financial  features  of  this  work  he  continued 
to  be  deeply  interested.  No  small  measure  of  the  success  of  this  under- 
taking was  due  to  his  untiring  energy. 

Mr.  Smith  contributed  three  papers  to  the  Transactions  of  this 
Society,  as  follows:  "The  Flow  of  Water  through  Pipes  ';*  "Water 
Power  with  High  Pressures  and  Wrought  Iron  Water  Pipe";f  and 
"Temperature  of  Water  at  Various  Depths  in  Lakes  and  Oceans. "J 
He  was  awarded  the  Thomas  Fitch  Rowland  Prize,  for  the  second  of 
these  i^apers,  in  1884. 

Hamilton  Smith  was  an  able,  energetic  and  successful  engineer. 
He  was  elected  a  Member  of  the  American  Society  of  Civil  Engineers 
on  February  5th,  1879.  He  was  also  a  Member  of  the  American 
Institute  of  Mining  Engineers,  and  of  the  Institution  of  Civil  Engineers 
of  Great  Britain. 

*  Tt-ansactions,  Am.  Soc.  C.  E.,  Vol.  xii,  p.  119. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii,  p.  15. 
X  Transactions,  Am.  Soc.  C.  E.,  Vol.  xiii,  p.  73. 
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WILLIAM  STARLING,  M.  Am.  Soc.  C.  E.* 
Died  Decembee  11th,  1900. 


Alfhotigh  Mr.  Starling  frequently  spoke  of  Kentucky  as  if  it  were 
his  native  State,  he  was  born  in  Columbus,  Ohio,  on  January  25th, 
1839.  His  father  was  a  Kentuckian,  but,  shortly  after  being  married, 
moved  to  Columbus,  where  his  uncle  was  a  large  landholder.  The 
family  did  not  remain  in  Columbus  very  long,  however,  but  removed 
to  New  York,  where  William  Starling  attended  the  then  well-known 
Clark's  Grammar  School,  and  later  the  University  of  New  York, 
whence  he  was  graduated  in  1856,  his  standing  being  indicated  by  the 
fact  that  he  delivered  a  philosophical  oration. 

In  1857,  his  father  failed  in  business,  and  the  family  moved  to  the 
prairies  of  Illinois,  where  they  remained  three  years,  moving  to  Frank- 
fort, Kentucky,  at  the  end  of  that  time.  The  Civil  War  was  just  com- 
mencing then,  and  William  Starling  entered  the  service  of  the  United 
States  Army,  where  he  was  soon  made  a  First  Lieutenant  in  the  Third 
Kentucky  Cavalry.  Later,  he  was  promoted  to  a  captaincy  in  the 
Ninth  Kentucky  Infantry.  He  did  his  first  engineering  work  during 
this  military  service,  beginning  with  some  work  for  which  no  regular 
engineer  could  be  spared.  He  showed  such  natural  ability  and  apti- 
tude for  the  work  that  he  was  soon  made  Chief  of  Engineers  on  the  staff 
of  General  Van  Cleve,  who  commanded  the  Fifth  Division  of  the 
Twenty-first  Army  Corps. 

At  the  close  of  the  war,  he  spent  a  short  time  in  business  in  New 
York,  after  which  he  became  interested  in  a  plantation  at  Sunnyside, 
in  Chicot  County,  Arkansas.  He  planted  cotton  from  1868  to  1882, 
selling  his  jjlantation  in  the  latter  year,  when  he  moved  to  Greenville, 
Mississippi.  Here  he  resumed  his  work  as  an  engineer,  being  mostly 
engaged  in  levee  work  and  United  States  Government  surveys.  He 
devoted  much  of  his  time  and  study  to  levee  works  and  river  hydraulics, 
in  which  fields  he  became  a  recognized  authority,  both  in  America  and 
Euroiae,  and  was  ajDpointed  to  the  position  of  Chief  Engineer  of  the 
Mississippi  Levee  District,  which  position  he  held  for  about  ten  years. 

After  serving  for  a  short  time  with  the  United  States  Engineers  on 
work  on  the  Mississippi  River,  he  was  appointed  a  Member  of  the 
Southwest  Pass  Commission,  a  body  created  for  the  purpose  of  for- 
mulating a  project  for  securing  a  permanent  deep  channel  through 
Southwest  Pass,  one  of  the  mouths  of  the  Mississippi  River.  This 
was  his  last,  as  well  as  his  most  important  professional  jDOsition,  for 
he  died  of  heart  failure,  at  Gi'eenville,  Mississippi,  shortly  after  the 
board  had  completed  its  work. 

*  Memoir  prepared  by  Leon  Elie  Lion,  Assoc.  M.  Am.  Soc.  C.  E. 
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He  wrote  a  number  of  technical  papers,  with  most  of  which  the 
members  of  this  Society  are  familiar.  His  paper,  "  Some  Notes  on  the 
Holland  Dykes,*"  is  the  principal,  and  won  for  him  the  Norman  Medal. 
Besides  this,  he  wrote  several  other  papers,  among  which  were,  "On 
Flood  Heights  in  the  Mississippi  River,  with  Especial  Reference  to  the 
Reach  between  Helena  and  Vicksburg,"!  "The  Discharge  of  the  Mis- 
sissijDpi  River, "J  and  "The  Imj^rovement  of  the  Mississipjii  River. "§ 
In  addition,  he  contributed  occasionally  to  the  discussions  on  papers 
before  the  Society.  Several  papers,  written  for  the  technical  press, 
are  now  jaublished  in  pamphlet  form  under  the  title  "The  Floods  of 
the  Mississippi. " 

At  Cornell  University  he  delivered  a  series  of  lectures  on  hydraulics, 
which  were  highly  spoken  of.  At  the  time  of  his  death,  he  had  prac- 
tically completed  a  work  on  the  Mississippi  River,  to  which  he  had 
given  many  years  of  labor  and  study,  and  which  had  involved  thou- 
sands of  miles  of  travel.  As  yet,  this  work  has  not  been  given  to  the 
public. 

Mr.  Starling  was  a  man  of  great  force  of  character.  He  was  daring 
in  his  undertakings,  and  manly  and  frank  in  his  intercourse  with  men. 
His  culture  and  breeding  impressed  all  who  came  in  contact  with  him. 
In  manner  he  was  cheerful,  and  was  ever  ready  with  anecdotes,  which 
he  could  relate  with  the  skill  of  a  raconteur. 

He  had  a  disposition  which  it  is  fortunate  for  an  engineer  to 
possess:  He  was  cheerful  in  adversity  and  among  discomforts,  a 
student  in  camp,  admired  and  liked  by  his  subordinates,  respected 
by  and  influential  with  the  men  who  employed  him. 

Mr.  Starling  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  September  7th,  1887. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvi,  p.  559. 

t  T)-ansactions,  Am.  Soc.  C.  E.,  Vol.  xx,  p.  195. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxiv,  p,  347;  Vol.  xxxv,  p,  358. 

§  Transactions,  Am.  Soc.  C.  E.,  Vol.  xx,  p.  85. 
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CHARLES  HERBERT  SWAN,  M.  Am.  Soc.  C.  E* 

Died  Apkii.  17th,  1899. 


Charles  Herbert  Swan  -was  born  in  Boston,  Massaclinsetts,  on 
August  17th,  1842.  His  parents  were  James  G.  and  Matilda  Loring 
Swan.  He  came  from  a  long  line  of  RevoliTtionary  and  other  Massa- 
chusetts families,  including  the  Lorings,  Tufts,  Dudleys  and  others. 

He  was  educated  in  the  Boston  public  schools,  entered  the  Law- 
rence Scientific  School  of  Harvard  University  in  1859  and  was  gradu- 
ated thence  in  1861.  His  school  associates  remember  him  as  the 
same  quiet,  conscientious  worker  he  continued  to  be  all  his  lifetime; 
a  good  companion,  musically  disposed,  a  player  on  the  flute. 

In  those  days  the  construction  of  a  million-gallon  water  jjlant  was 
an  event,  and  to  take  part  in  it  a  contribution  to  the  practice  of  civil 
engineering  in  the  United  States.  Such  a  piece  of  work  was  the 
construction  of  the  Charlestown  (Mass.)  "Water- Works  by  Slade,  later 
by  C.  L.  Stevenson,  civil  engineer,  1861-64;  and  Mr.  Swan  had  a  part 
in  the  whole  of  it.  His  name,  with  others,  was,  accordingly,  duly 
recorded  on  the  marble  slab  erected  in  the  pumping  station  on  the 
completion  of  those  works,  which,  less  than  forty  years  later,  are 
practically  dismantled,  and,  with  the  memorial  slab,  run  a  fair 
chance,  before  long,  of  being  broken  up  for  old  junk  and  building, 
material. 

His  next  work  was  on  the  Salem  Water -Works,  where  he  remained 
until  the  fall  of  1869,  during  the  last  year,  as  Acting  Chief  Engineer. 
He  then  went  to  Providence,  Rhode  Island,  as  one  of  the  assistant 
engineers  to  J.  Herbert  Shedd,  M.  Am.  Soc.  C.  E.,  on  water  and 
sewerage  works.  He  remained  in  Providence  until  1881,  except  that 
he  spent  part  of  1874  and  1875  in  Europe  on  account  of  his  health.  In 
1880  he  had  serious  trouble  with  his  eyes,  and  was  obliged  to  discon- 
tinue work  for  three  years.     He  removed  to  Boston  in  1881. 

In  1884  he  went  to  Europe  with  Samuel  M.  Gray,  M.  Am.  Soc. 
C.  E.,  then  City  Engineer  of  Providence,  to  study  the  sewerage  sys- 
tems of  various  European  cities,  and  prepared  the  historical  part  of 
the  resiilting  report. 

In  1886  he  was  employed  by  Rudolph  Hering,  M.  Am.  Soc.  C.  E., 
then  Chief  Engineer  of  the  Chicago  Water  Supply  and  Drainage  Com- 
mission, as  a  special  assistant.  Between  the  fall  of  1887  and  the 
spring  of  1888  he  Avas  engaged  in  making  a  study,  for  the  Water 
Supply  and  Sewerage  Committee  of  the  Massachusetts  State  Board 

*  Memoir  prepared  by  the  Secretary  from  information  furnished  by  Clemens 
Herschel,  M.  Am.  Soc.  C.  E.,  and  from  a  memoir  prepared  by  Howard  A.  Carson  and 
Otis  F.  Clapp,  Members,  Am.  Soc.  C.  E..  for  the  Boston  Society  of  Civil  Engineers. 
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of    Health,   of  the  scheme  of  disposal  of   the  sewage   of  the   North 
Metrop  olitan  Sewerage  District  by  chemical  precipitation. 

He  was  teacher,  for  one  term,  at  the  Lawrence  Scientific  School, 
during  the  absence  of  Professor  Chaplin,  in  the  spring  of  1889,  giving 
instruction  in  the  strength  of  materials,  in  hydraulics,  and  in  water 
supply  and  sanitary  engineering. 

In  1889  he  was  appointed  one  of  the  assistant  engineers  on  the  Met- 
ropolitan  Sewerage  System,  with  which  work  he  was  more  or  less 
actively  connected  until  the  time  of  his  death. 

From  October,  1894,  to  Sei^tember,  1897,  he  was  an  assistant  engi- 
neer on  the  Boston  Subway,  but  was  also  employed  on  the  Metropolitan 
Sewerage  System  during  a  portion  of  this  period. 

In  the  winter  of  1897-98  he  made  a  report  on  a  jarojected  Joint 
system  of  sewerage  for  Salem  and  Peabody.  From  1898  to  1899  he 
was  again  devoting  his  whole  time  to  the  Metroj)olitan  Sewerage 
work,  and  had  charge  of  the  special  hydraulic  studies  and  the  larejia- 
ration  of  the  text  of  the  engineering  portion  of  the  report  for  the 
high-level  gravity  sewer  for  the  relief  of  the  Charles  and  Neponset 
River  Valleys.* 

On  June  30th,  1870,  he  was  married  to  Miss  Carrie  Cheney,  a  daughter 
of  President  O.  B.  Cheney,  of  Bates  College,  Lewiston,  Maine.  His 
widow  and  four  sons  survive  him. 

In  its  [)ersonal  relations,  Mr.  Swan's  life  was  most  admirable.  He 
was  a  loving  husband  and  father.  Ever  since  his  twenty-first  year  he 
had  been  an  active  member  of  the  Baptist  Church,  in  Boston  and  in 
Providence,  and  at  the  time  of  his  death  he  was  the  President  of  the 
legal  society  managing  the  property  of  the  First  Free  Baptist  Church 
of  Boston. 

It  is  characteristic  of  him  that  his  funeral  sermon  should  have  been 
preached  from  this  text  which  he  had  himself,  though  with  great  diffi- 
dence, only  a  short  time  before,  suggested  to  the  pastor  as  a  text  for 
a  Sunday  sermon,  "  with  a  few  thoughts  upon  it,"  that  he  had  jotted 
down: 

"  Blessed  are  the  pure  in  heart:  for  they  shall  see  God." 

Mr.  Swan  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  16th,  1870.  He  became  a  member  of  the  Boston 
Society  of  Civil  Engineers  in  1882. 

*  Mr.  Swan's  portrait,  and  a  more  extended  biography,  may  be  found  in  the  Journal 
of  the  Association  of  Engineering  Societies,  for  September,  1899,  Vol.  xxiii. 
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LEVIS  PASSMORE  PENNYP ACKER,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  January  30th,  1901. 


Levis  Passmore  Pennypacker  was  the  eldest  son  of  Charles  H.  and 
Elizabeth  A.  Pennypacker.  He  was  born  in  West  Chester,  Pennsyl- 
vania, on  January  1st,  1864,  and  was  educated  at  Friends'  School; 
Taylor  Academy,  in  Wilmington,  Delaware;  Swarthmore  College; 
Adams  Academy,  Quincy,  Massachusetts;  and  the  Polytechnic  In- 
stitute at  Troy,  New  York. 

When  16  years  of  age  he  entered  the  service  of  the  Denver  and  Kio 
Grande  Eailroad  Company,  as  a  rodman,  and  spent  some  months  in  Col- 
orado and  Utah.  In  December,  1881,  he  entered  the  employ  of  the 
Pennsylvania  Railroad  and  served  as  a  rodman  on  the  location  and 
construction  of  the  Philadelphia,  Germantown  and  Chestnut  Hill 
Railroad.  In  June,  1885,  he  was  appointed  Assistant  Engineer  of 
Construction  with  the  Philadelphia  Traction  Company,  and  became 
Division  Engineer  in  February,  1886.  He  was  appointed  Engineer 
in  Charge  of  Construction  on  the  Sansome  Street  Division  in  March, 
1887,  and  Assistant  Engineer  of  the  United  States  Construction  Com- 
pany in  April,  1887,  and  held  the  dual  position  until  May,  1888,  when 
he  was  transferred  to  Chicago,  Illinois,  as  Assistant  Engineer  of  the 
United  States  Construction  Company  and  Assistant  Engineer  of  the 
North  Chicago  Street  Railway. 

He  took  charge  of  the  cable  construction  of  the  West  Chicago 
Street  Railway  in  November,  1888. 

On  August  10th,  1890,  he  was  appointed  Representative  and  Assist- 
ant Engineer  to  the  Chief  Engineer  of  the  United  States  Construction 
Company,  the  Broadway  Cable  Construction  Company  and  the 
Baltimore  Traction  Company. 

In  the  same  year  he  went  to  San  Salvador,  Central  America,  where 
he  held  a  high  position  in  the  service  of  that  republic  as  a  civil  and 
mechanical  engineer.  Becoming  involved  in  a  quarrel  with  Ezeta, 
President  of  San  Salvador,  he  escaped  from  the  country  and  returned 
to  his  home  in  West  Chester. 

*  Memoir  prepared  by  the  Secretary,  from  papers  on  file  at  the  Society  House. 
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Soon  afterward  he  received  an  invitation  to  enter  the  service  of  the 
President  of  Guatemala,  as  General  Inspector  and  Superintendent  of 
Construction  of  the  i^ublic  works  then  going  forward  in  Guatemala. 

Mr.  Penny  packer,  as  a  mathematician,  electrician  and  draftsman, 
and  also  in  field  work,  was  skilful  and  energetic.  He  was  very  quick 
in  his  movements,  and  was  endowed  with  great  strength.  He  was 
thoroughly  familiar  with  the  country,  and  passed  days  and  nights  in 
the  forests  along  the  Matauga  River,  with  only  two  negro  assistants. 

While  on  a  business  trip  to  San  Lucia,  a  short  distance  west  of 
Guatemala  City,  he  was  attacked  by  pneumonia,  which  proved  fatal. 
He  was  buried  at  Escuintla  with  Masonic  honors. 

Mr.  Pennypacker  became  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  Aj)ril  1st,  1891.  He  was  high  in  the 
Masonic  Order,  being  a  Knight  Templar  and  a  Shriner. 
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STEPHEN  PASCHALL  MORRIS  TASKER,  F.  Am.  Soc.  C.  E.* 


Died  Makch  19th,  1900. 


Stephen  Pascliall  Morris  Tasker  was  born  in  1834,  and  was  the  son 
of  the  late  Thomas  T.  Tasker,  Sr.,  one  of  the  founders  of  the  firm  of 
Morris,  Tasker  and  Moi'ris,  pioneers  in  the  manufacture  of  wrought- 
iron  tubes  in  the  United  States. 

He  received  his  education  in  i^rivate  schools,  and,  after  serving  an 
apprenticeshijj  in  the  Pascal  Iron  Works,  became  a  member  of  the  firm 
in  1856-57,  remaining  in  active  connection  therewith  until  after  the 
removal  of  the  works  to  New  Castle,  Delaware,  and  its  incorporation 
and  absorption  by  the  National  Tube  Company. 

He  became  a  Fellow  of  the  American  Society  of  Civil  Engineers  on 
September  20th,  1872. 

*  Memoir  prepared  by  Henry  G.  Morris,  M.  Am.  Soc.  C.  E. 
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